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The Northern Rockfish, Sebastes polyspinis, in Alaska: 
Commercial Fishery, Distribution, and Biology 


DAVID M. CLAUSEN and JONATHAN HEIFETZ 


Introduction 


The northern rockfish, Sebastes poly- 
spinis, is one of the most abundant and 
commercially valuable members of its 
genus in Alaska waters. As implied by 
its common name, this fish has one of 
the most northerly distributions among 
the 60+ species of Sebastes in the North 
Pacific Ocean. It ranges from extreme 
northern British Columbia around the 
northern Pacific Rim to eastern Kam- 
chatka and the northern Kurile Islands 
and also north into the eastern Bering Sea 
(Allen and Smith, 1988; Orlov'), but is 
common only in Alaska waters. 

Bottom trawl surveys of the Gulf of 
Alaska and Aleutian Islands regions 


The authors are with the Auke Bay Labora- 
tory, Alaska Fisheries Science Center, National 
Marine Fisheries Service, NOAA, 11305 Glacier 
Hwy., Juneau, AK 99801-8626. Corresponding 
author: dave.clausen @ noaa. gov. 


indicate that northern rockfish is the 
second most abundant rockfish species 
there, surpassed only by Pacific ocean 
perch, S. alutus (Harrison, 1993; Ronholt 
et al., 1994; Stark and Clausen, 1995; 
Martin and Clausen, 1995; Martin, 1997). 
Amongst all species caught in three sur- 
veys of each region that were conducted 
in the 1990's, northern rockfish ranked 
tenth in average biomass in the Gulf 
of Alaska, and fourth in the Aleutian 
Islands.” Since 1990, northern rockfish 
has supported a valuable domestic trawl 
fishery in Alaska; for the Gulf of Alaska 
region alone, gross wholesale value of 
this fishery was estimated at $3.5 mil- 
lion in 1995 and $1.2 million in 1999 
(Bibb’). 

Despite this ecological and commer- 
cial importance, little has been published 
on the biology of northern rockfish or its 
fishery. The species was first described 
by Taranetz and Moisev (Taranetz, 1933) 
based on a specimen from the eastern 


Bering Sea. The only biological study to 
deal exclusively with northern rockfish 
is that of Westrheim and Tsuyuki (1971). 
Their report presented information on 
many aspects of northern rockfish biol- 
ogy, including taxonomy, distribution and 
abundance, size composition, age and 
growth, and size at maturity. Although 
this study still provides valuable informa- 
tion, much of it now has to be considered 
somewhat outdated. The distribution 
and abundance data came from research 


'Orlov, Alexie, Russian Federal Research Insti- 
tute of Fisheries and Oceanography (VNIRO), 
17 Krasnoselskaya, Moscow, 107140, Russia. 
Personal commun., May 2000. 

Based on data in the “RACEBASE” database, 
the trawl survey database maintained by the 
NMFS, NOAA, Alaska Fisheries Science Cen- 
ter’s Resource Assessment and Conservation 
Engineering (RACE) Division, February 2000. 
Bibb, Sally, Sustainable Fisheries Division, 
NOAA, Natl. Mar. Fish. Serv., Alaska Regional 
Office, Juneau, AK. Personal commun., April 
1997 and June 2000. 


ABSTRACT — The northern rockfish, Se- 
bastes polyspinis, is the second most abun- 
dant rockfish in Alaska, and it supports a 
valuable trawl fishery. Little information is 
available, however, on either the biology of 
this species or its commercial fishery. To 
provide a synopsis of information on north- 
ern rockfish in Alaska, this study examined 
data for this species from commercial fish- 
ery observations in 1990-98 and from fish- 
ery-independent trawl surveys in 1980-99. 
Nearly all the commercial catch came from 
bottom trawling, mostly by large factory- 
trawlers, although smaller shore-based 
trawlers in recent years took an increasing 
portion of the catch in the Gulf of Alaska. 

Most of the northern rockfish catch in 
the Gulf of Alaska was taken by a directed 
fishery, whereas that of the Aleutian Islands 
predominantly came as discarded bycatch 
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in the Atka mackerel fishery. In both 
regions, most of the catch was taken from 
a number of relatively small and discrete 
fishing grounds at depths of 75—150 m in 
the Gulf of Alaska and 75-175 m in the 
Aleutian Islands. These grounds, especially 
in the Gulf of Alaska, are on shallow rises 
or banks located on the outer continental 
shelf, and often are surrounded by deeper 
water. Five fishing grounds were identi- 
fied in the Gulf of Alaska, and eleven in the 
Aleutian Islands. One fishing ground in the 


Gulf of Alaska, the “Snakehead” south of 


Kodiak Island, accounted for 46% of the 
total northern rockfish catch in this region. 

Analysis of the survey data generally 
revealed similar patterns of geographic 
distribution as those seen in the fishery, 
although some of the commercial fishing 
grounds did not stand out as areas of spe- 


cial abundance in the surveys. The surveys 
also found two areas of abundance that 
were not evident in the fishery data. Rela- 
tively few juvenile northern rockfish were 
caught in any of the surveys, but those 
taken in the Gulf of Alaska tended to occur 
more inshore and at shallower depths than 
adults. Individual size of northern rock- 
fish was substantially larger in the Gulf of 
Alaska than in the Aleutian Islands accord- 
ing to both fishery and survey data. Analy- 
sis of age data from each region supports 
this, as Gulf of Alaska fish were found to 
grow significantly faster and reach a larger 
maximum length than those in the Aleutian 
Islands. Sex ratio in the Gulf of Alaska was 
nearly 50:50, but females predominated in 
the Aleutian Islands by a ratio of 57:43. In 
both regions, size of females was signifi- 
cantly larger than males. 
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trawling conducted in the Gulf of Alaska 
over 30 years ago, and the age results are 
based on surface readings of otoliths, a 
technique which is now thought to sub- 
stantially underage rockfish. 

More recent information on northern 
rockfish can be gleaned from trawl survey 
data reports such as those referenced in 
the second paragraph of this section, or 
from annual stock assessment documents 
for rockfish (e.g. Heifetz et al., 1999). 
Also, a population dynamics modeling 
analysis of northern rockfish in the Gulf 
of Alaska has been completed to quantita- 
tively assess stock condition of these fish, 
and this study presents some data on the 
fishery and on survey results (Courtney et 
al., 1999). In addition, a limited amount 
of food habits information is available for 
northern rockfish in the Gulf of Alaska 
and Aleutian Islands (Yang, 1993, 1996). 
Most recently, a small and preliminary 
genetics study of northern rockfish was 
conducted to determine if any stock struc- 
ture for this species was readily apparent 
(Gharrett et al.4). Except for the Courtney 
et al. (1999) and Gharrett et al.4 studies, 
however, none of these recent reports 
focuses completely on northern rockfish, 
and none discusses the biology of this 
species in any detail. 

This report provides an updated 
synopsis of available information on 
northern rockfish and is based on two 
major data sources: 1) data collected 
from the commercial fishery in the 
years 1990-98 by the National Marine 
Fisheries Service (NMBS), Alaska Fish- 
eries Science Center’s (AFSC) fisheries 
Observer Program and contained on the 
Program’s “NORPAC” database, and 2) 
data from various bottom trawl surveys 
conducted between 1980 and i999 by the 
AFSC’s Resource Assessment and Con- 
servation Engineering (RACE) Division 
and contained on their “RACEBASE” 
database. 


4Gharrett, A. J., A. K. Gray, S. Lyons, D. Clau- 
sen, and J. Heifetz. 2003. A preliminary study of 
population structure in Alaskan northern rock- 
fish, Sebastes polyspinis, based on microsatellite 
and mtDNA variation. /n A. J. Gharrett (Editor), 
Population structure of rougheye, shortraker, and 
northern rockfish based on analysis of mitochon- 
drial DNA variation and microsatellites: comple- 
tion, p. 1-16. Juneau Center, School of Fisheries 
and Ocean Sciences, University of Alaska Fair- 
banks, 11120 Glacier Hwy., Juneau, AK 99801. 
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Figure |.—The three major fishery management regions that are discussed in this 
report: Gulf of Alaska, Aleutian Islands, and eastern Bering Sea. 


First, we use the fishery data to de- 
scribe the commercial fishery and to 
present information on the distribution 
and biology of northern rockfish. Then, 
we analyze the survey data to present 
alternative information on the distribu- 
tion and biology of northern rockfish 
and to provide a comparison with the 
results from the fishery data. As part of 
the survey analysis, we also present age 
and growth information for northern 
rockfish. 

This report focuses particularly on 
northern rockfish in the Gulf of Alaska 
and the Aleutian Islands regions (Fig. 1). 
Although the species is also found on the 
outer continental shelf and slope of the 
eastern Bering Sea, its abundance there 
has been very low in trawl surveys (Ito 
et al., 1999), and commercial catches of 
northern rockfish in this region have been 
much less than in the other two regions. 
Consequently, for northern rockfish in the 
eastern Bering Sea, only fishery data will 
be presented in this report, and these data 
will be analyzed in less detail than those 
for the Gulf of Alaska and Aleutian Is- 
lands. The three regions also correspond 
to major fishery management regions for 
Federal waters off Alaska. 


Commercial Fisheries 


Foreign Fishery 


Directed fishing for rockfish in Alaska 
waters began in 1960 with the first 


catches by Soviet and Japanese bottom 
trawlers (Balsiger et al., 1985), and for- 
eign catches of rockfish continued until 


1987. Most of the fishery was for Pacific 


ocean perch, Sebastes alutus, and mas- 
sive fishing effort targeting this species in 
the 1960's caused a precipitous decline in 
its abundance throughout Alaska waters 
that has been well documented (Ito>). To 
what extent the foreign rockfish fishery 
was also taking northern rockfish, and 
whether there was directed fishing for this 
species, is unknown for the years through 
1976, as there are no available summaries 
of northern rockfish catches over this 
period. Foreign catches of all rockfish 
were often reported simply as “Pacific 
ocean perch” (Murai et al., 1981), with 
no attempt to differentiate species. In 
other instances, Pacific ocean perch were 
separated out, but all other Sebastes were 
assigned the category of “other rockfish,” 
and there is still no way to determine the 
catch of northern rockfish. 

With the advent of a substantial NMFS 
observer program aboard foreign fishing 
vessels in 1977, enough information on 
species composition of rockfish catches 
was collected so that estimates of the 
northern rockfish foreign catch can be 


SIto, D. H. 1982. A cohort analysis of Pacific 
ocean perch stocks from the Gulf of Alaska and 
Bering Sea regions. NOAA, Alaska Fish. Sci. 
Cent., Natl. Mar. Fish. Serv., Bldg. 4, 7600 Sand 
Point Way N.E., Seattle, WA 98115. NWAFC 
Processed Rep. 82-15, 157 p. 
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made for 1977-87 (Tables 1—3). The rela- 
tively large catch estimates for 1977-78 
in the Aleutian Islands and 1982-83 
in the Gulf of Alaska are an indication 
that at least some directed fishing prob- 
ably occurred in those years. Except for 
reporting the foreign catches in Tables 
1-3, however, we have decided to omit 
the foreign fishery observer data from 
our analyses and to focus instead on the 
more recent domestic fishery. 


Joint Venture Fishery 


A new era in Alaska commercial 
fishing began in 1976 with the passage 
of the Magnuson Fishery Conservation 
and Management Act, later renamed the 
Magnuson-Stevens Fishery Conserva- 
tion and Management Act (MSFCMA; 
Anonymous, 1996). This Act gave 
the United States jurisdiction over all 
groundfish resources within 200 nautical 
miles (n.mi.) of its shoreline, and set in 
place regulatory policies that eventually 
resulted in domestic fishermen replacing 
the foreign fishermen. The Act also creat- 
ed the North Pacific Fishery Management 
Council (NPFMC) as an advisory body 
to develop and implement management 
plans for Alaska groundfish. 

As an interim step in the transition 
from foreign to domestic fishing, joint 
venture fisheries developed in the early 
1980’s in which U.S. fishing boats caught 
and delivered fish to foreign processing 
vessels (Megrey and Wespestad, 1990). 
Although joiut venture catches were 
sizeable for some species, they were 
relatively modest for northern rockfish 
(Tables 1-3). By 1990, both the foreign 
and the joint venture fisheries for rockfish 
in Alaska had ended. 


Domestic Fishery 


Management History and 
Catch Statistics 


Since passage of the MSFCMA, 
northern rockfish have been assigned to 
various management groupings (Table 4). 
Until the early 1990’s, they were always 
managed as part of a “complex” or 
assemblage of rockfish species. Pre- 
sumably, the original reason for this 
assemblage management was because it 
was thought to be too difficult for fisher- 
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Table 1.— Commercial catch of northern rockfish in the Gulf of Alaska, 1977-99.':2 


Catch (t) 


Year Foreign 


Joint venture 


Domestic 


1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 


622 
553 
666 
809 
1,469 
3,914 
2,705 


> 


1,697 
4,528 
7,770 
4,825 
5,968 
5,634 
3,386 
2,947 
3,051 
5,397 


' Catches for 1977-92 are estimates based on extrapolation 
of catch composition data from the foreign and domestic 
observer programs. 


2 Data Sources: 


1977: Wall, J., R. French, R. Nelson Jr., and D. Hennick. 
1978. Data from the observations of foreign fishing fleets 
in the Gulf of Alaska, 1977. (Document submitted to the 
International North Pacific Fisheries Commission by the 
U.S. National Section.) Northwest and Alaska Fisheries 
Center, Natl. Mar. Fish. Serv., NOAA, 2725 Montlake Bivd. 
E., Seattle, WA 98112. 

1978: Wall, J., R. French, and R. Nelson Jr. 1979. 
Observations of foreign fishing fleets in the Gulf of 
Alaska, 1978. (Document submitted to the International 
North Pacific Fisheries Commission by the U.S. National 
Section.) Northwest and Alaska Fisheries Center, Natl. 
Mar. Fish. Serv., NOAA, 2725 Montlake Blvd. E., Seattle, 
WA 98112. 


1979: Wall, J., R. French, and R. Nelson Jr. 1980. 
Observations of foreign fishing fleets in the Guif of Alaska, 
1979. (Document submitted to the annual meeting of 
the International North Pacific Fisheries Commission, 
Anchorage, Alaska, September 1980.) Northwest and 
Alaska Fisheries Center, Nati. Mar. Fish. Serv., NOAA, 
2725 Montlake Blvd. E., Seattle, WA 98112. 


1980: Wall, J.. R. French, and R. Nelson Jr. 1981. 
Observations of foreign fishing fleets in the Gulf of Alaska, 
1980. (Document submitted to the annual meeting of 
the International North Pacific Fisheries Commission, 
Vancouver, B. C., Canada, September 1981.) Northwest 
and Alaska Fisheries Center, Natl. Mar. Fish. Serv., NOAA, 
2725 Montlake Bivd. E., Seattle, WA 98112. 

1981: Wall, J, R. Nelson Jr, and J. Berger. 1982. 
Observations of foreign fishing fleets in the Gulf of Alaska, 
1981. (Document submitted to the annual meeting of 
the International North Pacific Fisheries Commission, 
Vancouver, B. C., Canada, October 1982.) Northwest and 
Alaska Fisheries Center, Natl. Mar. Fish. Serv., NOAA, 
2725 Montlake Bivd. E., Seattle, WA 98112. 


1982: Nelson, R., Jr., J. Wall, and J. Berger. 1983. 
Summary of U.S. observer sampling of foreign and 
joint-venture fisheries in the northeast Pacific Ocean 
and eastern Bering Sea, 1982. (Document submitted 
to the annual meeting of the International North Pacific 
Fisheries Commission, Anchorage, Alaska, October 
1983.) Northwest and Alaska Fisheries Center, Natl. Mar. 
Fish. Serv., NOAA, 2725 Montlake Bivd. E., Seattle, WA 
98112. 

1983: Berger, J., J. Wall, and R. Nelson Jr. 1984. Summary 
of U.S. observer sampling of foreign and joint-venture 
fisheries in the northeast Pacific Ocean and eastern Bering 
Sea, 1983. (Document submitted to the annual meeting 
of the International North Pacific Fisheries Commission, 
Vancouver, B.C., Canada, October 1984.) Northwest and 


Alaska Fisheries Center, Natl. Mar. Fish. Serv., NOAA, 
2725 Montlake Bivd. E., Seattle, WA 98112. 


1984: Berger, J., J. Wall, and R. Nelson Jr. 1985. Summary 
of U.S. observer sampling of foreign and joint-venture 
fisheries in the northeast Pacific Ocean and eastern Bering 
Sea, 1984. (Document submitted to the annual meeting 
of the International North Pacific Fisheries Commission, 
Tokyo, Japan, October 1985.) Northwest and Alaska 
Fisheries Center, Natl. Mar. Fish. Serv., NOAA, Building 4, 
7600 Sand Point Way N. E., Seattle, WA 98115. 


1985: Berger, J., J. Wall, and R. Nelson Jr. 1987. Summary 
of U.S. observer sampling of foreign and joint venture 
fisheries in the northeast Pacific Ocean and eastern 
Bering Sea, 1985. U.S. Dep. Commer., NOAA Tech. 
Memo. NMFS F/NWC-112, 169 p. 


1986: Berger, J., R. Nelson Jr., J. Wall, H. Weikart, and 
B. Maier. 1988. Summary of U.S. observer sampling of 
foreign and joint venture fisheries in the northeast Pacific 
Ocean and eastern Bering Sea, 1986. U.S. Dep. Commer., 
NOAA Tech. Memo. NMFS F/NWC-128, 167 p. 


1987: Berger, J., and H. Weikart. 1988. Summary of U.S. 
observer sampling of foreign and joint venture fisheries 
in the northeast Pacific Ocean and eastern Bering Sea, 
1987. U.S. Dep. Commer., NOAA Tech. Memo. NMFS F/ 
NWC-148, 141 p. 


1988: Berger, J., and H. Weikart. 1989. Summary of U.S. 
observer sampling of foreign and joint venture fisheries 
in the northeast Pacific Ocean and eastern Bering Sea, 
1988. U.S. Dep. Commer., NOAA Tech. Memo. NMFS F/ 
NWC-172, 118 p. 


1989: Heifetz, J., J. N. lanelli, D. M. Clausen, and J. T. 
Fujioka. 1999. Slope rockfish. In Stock assessment and 
fishery evaluation report for the groundfish resources 
of the Gulf of Alaska, p. 309-360. North Pacific Fishery 
Management Council, 605 W 4" Ave, Suite 306, Anchor- 
age, AK 99501. 


1990-91: Data on file at National Marine Fisheries 
Service, Alaska Region, P.O. Box 21668, Juneau, AK 
99802 and Domestic Observer Program, National Marine 
Fisheries Service, Alaska Fisheries Science Center, 
REFM Division, 7600 Sand Point Way N. E., Seattle, WA 
98115. 

1992-98: Heifetz, J., J. N. lanelli, D. M. Clausen, and J. T. 
Fujioka. 1999. Slope rockfish. in Stock assessment and 
fishery evaluation report for the groundfish resources 
of the Gulf of Alaska, p. 309-360. North Pacific Fishery 
Management Council, 605 W 4" Ave, Suite 306, 
Anchorage, AK 99501. 

1999: Data on file at National Marine Fisheries Service, 
Alaska Region, P.O. Box 21668, Juneau, AK 99802. 


3 Tr. = trace 
4 N.a. = not available 
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0 0 622 
3 0 669 
0 0 1,469 
911 0 3,616 
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108 Naa. Na. 
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1,697 
4,528 
7,770 
4,825 
5,968 
3,386 
2,947 
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men to accurately identify the individual 
rockfish species, which are superficially 
similar in appearance. Also, many species 
were believed to sometimes co-occur in 
catches, which would make sorting to 
species a time consuming process. 
Each year, the NPFMC assigned a 
single level of acceptable biological 
catch (ABC) and fishing quota (since 
1988 the quota has been called “total 
allowable catch” (TAC)) for the entire 


Table 2.—Commercial catch of northern rockfish in the 
Aleutian Islands, 1977-99.'2 


Catch (t) 


Joint 


Year Foreign venture Domestic Total 


1977 5,311 5,311 
1978 3,782 3,782 
1979 997 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


' Catches for 1977-91 are estimates based on extrapolation 
of catch composition data from the foreign and domestic 
observer programs. Catches for 1992-99 may include 
very small amounts of sharpchin rockfish. 

2 Data sources: 


1977-86: Ito, D. H. 1988. Other rockfish. In R. G. Bakkala 
(Editor), Condition of groundfish resources of the eastern 
Bering Sea and Aleutian Islands region in 1987, p. 139- 
146. U.S. Dep. Commer., NOAA Tech. Memo. NMFS F/ 
NWC-139. 
1987--88: Berger and Weikart (1988, 1989; for references, 
see Table 1). 
1989: Guttormsen, M., R. Narita, and J. Berger. 1990. 
Summary of U.S. observer sampling of foreign and joint 
venture fisheries in the northeast Pacific Ocean and 
eastern Bering Sea, 1989. U.S. Dep. Commer., NOAA 
Tech. Memo. NMFS F/NWC- 189, 84 p. 
1990-91: Data on file at National Marine Fisheries 
Service, Alaska Region, P.O. Box 21668, Juneau, AK 
99802 and Domestic Observer Program, National Marine 
Fisheries Service, Alaska Fisheries Science Center, 
REFM Division, 7600 Sand Point Way N. E., Seattle, WA 
98115. 
1992-99: Data on file at National Marine Fisheries 
Service, Alaska Region, P.O. Box 21668, Juneau, AK 
99802. 

3 Tr. = trace 


4 N.a. = not available 


complex or assemblage in each region.® 
Consequently, fishermen and processors 
were only required to report catches as 
“Pacific Ocean Perch Complex,” “Slope 
Rockfish Assemblage,” etc., without 
regard to which exact species in the 
assemblage they were actually taking. 
The assemblage approach as applied to 
northern rockfish management had a de 
facto ending in the Aleutian Islands in 
1992, when the “Sharpchin/Northern” 
management subgroup was established in 
this region (Ito and Ianelli, 1994; sharp- 
chin rockfish are so rare in the Aleutian 


®In actual practice, the ABC and quota for the 
Gulf of Alaska were further subdivided into three 
management areas: Western, Central, and Eastern. 


Table 3.— Commercial catch of northern rockfish in the 
eastern Bering Sea, 1977-99.'2 


Catch (t) 


Joint 


Year Foreign venture Domestic Total 


1977 322 0 322 
1978 119 0 119 
1979 126 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 


' Catches for 1977-91 are estimates based on extrapolation 
of catch composition data from the foreign and domestic 
observer programs. Catches for 1992-99 may include 
very small amounts of sharpchin rockfish. 

2 Data sources: 

1977-86: Ito (1988; see Table 2 for reference). 


1987-88: Berger and Weikert (1988, 1989; see Table 1 for 
references). 

1989: Guttormsen et al. (1990; see Table 2 for reference). 
1990-91: Data on file at National Marine Fisheries 
Service, Alaska Region, P.O. Box 21668, Juneau, AK 
99802 and Domestic Observer Program, National Marine 
Fisheries Service, Alaska Fisheries Science Center, 
REFM Division, 7600 Sand Point Way N. E., Seattle, WA 
98115. 

1992-99: Data on file at National Marine Fisheries 
Service, Alaska Region, P.O. Box 21668, Juneau, AK 
99802. 

3 N.a. = not available 


Islands that the grouping is effectively 
northern rockfish alone). Likewise, 
northern rockfish were separated as a 
distinct management entity in the Gulf 
of Alaska in 1993 (Heifetz et al., 1993). 
In the eastern Bering Sea, however, 
northern rockfish in the years 1993-99 
continued to be managed as part of the 
“Other Red Rockfish Assemblage” (Ito 
et al., 1999) . 

A completely domestic fishery for 
rockfishes, in which U.S. vessels both 
caught and processed the fish, began in 
the Gulf of Alaska and eastern Bering 
Sea in 1984, and in the Aleutian Islands 
in 1985 (Tables 1—3). Catches of northern 
rockfish in this fishery, however, cannot 
be determined for years before 1990. 
During these years, northern rockfish 
were part of either the Pacific Ocean 
Perch Complex or the Slope Rockfish 
Assemblage, so directly reported catch 
statistics for individual species are 
unavailable. This was not a problem 
in the foreign or joint venture fisheries 
because U.S. observers aboard foreign 
vessels collected species composition 
data that could be used to estimate the 
catch of northern rockfish. Unfortunately, 
a comparable observer program for 
domestic vessels was not implemented 


Table 4.—Management groupings’ that northern rock- 
fish were assigned to in the Gulf of Alaska, Aleutian 
Islands, and eastern Bering Sea, 1979-99. 


Region and year Management grouping 


Gulf of Alaska 
1979-87 
1988-90 
1991-92 
1993-99 

Aleutian Islands 
1979-90 
1991-99 

Eastern Bering Sea 
1979-90 
1991-99 


Pacific ocean perch complex 
Slope rockfish assemblage 
Other slope rockfish 
Northern rockfish 


Pacific ocean perch complex 
Sharpchin/northern 


Pacific ocean perch complex 
Other red rockfish 


Definition of management groupings: 

Pacific ocean perch complex: Pacific ocean perch, Sebas- 
tes alutus; northern rockfish, S. polyspinis; rougheye rock- 
fish, S. aleutianus, shortraker rockfish, S. borealis; and 
sharpchin rockfish, S. zacentrus. 

Slope rockfish assemblage: The five species in the Pacific 
ocean perch complex, plus redstripe rockfish, S. proriger, 
harlequin rockfish, S. variegatus; silvergrey rockfish, S. 
brevispinis, and 13 minor species of Sebastes. 

Other slope rockfish: Northern, sharpchin, redstripe, har- 
lequin, and silvergrey rockfish and 13 minor Sebastes sp. 
Northern rockfish: Northern rockfish only. 
Sharpchin/northern: Sharpchin and northern rockfish. 
Other red rockfish: Northern, rougheye, shortraker, and 
sharpchin rockfish. 
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until 1990, which left a gap in the catch 
estimates for the domestic fishery from 
1984 to 1989. The domestic trawl fishery 
for rockfish developed rapidly over these 
years, especially in the Gulf of Alaska, 
where the reported catch of the Pacific 
ocean perch complex/slope rockfish as- 
semblage increased from 1 19 metric tons 
(t) in 1984 to 19,002 t in 1989 (Heifetz 
et al., 1999). Presumably, some northern 
rockfish were taken, but most of the catch 
by the domestic fishery in this period is 
believed to be Pacific ocean perch, short- 
raker rockfish, Sebastes borealis; and 
rougheye rockfish, Sebastes aleutianus. 
These latter three species have tradition- 
ally been more valuable than northern 
rockfish on a price-per-pound basis, and 
there is evidence that some domestic fish- 
ermen were selectively harvesting them 
rather than northern rockfish (Heifetz and 
Clausen, 1990). 

With the start of an observer program 
on U.S. groundfish vessels in 1990 
(NPFMC, 1989a, 1989b), detailed infor- 
mation on domestic catches of rockfish 
in Alaska finally became available. In 
the Gulf of Alaska, catches of northern 
rockfish increased sharply from 1,697 t 
in 1990 to 7,770 t in 1992, and dimin- 
ished somewhat in the years following 
(Table 1). This catch trend can be related 
to management actions of the NPFMC 
and NMFS during this period. In 1990, 
northern rockfish were in the Slope Rock- 
fish Assemblage, along with Pacific ocean 
perch, shortraker and rougheye rockfish, 
and other species (Table 4). Fishermen 
were free to catch any of these species 
within the Slope Rockfish quota. Given 
the comparatively low market value of 
northern rockfish, fishing was apparently 
directed toward the three other species in 
the assemblage mentioned above. The 
result was a relatively moderate catch of 
northern rockfish that year. In 1991, how- 
ever, the NPFMC separated Pacific ocean 
perch, shortraker rockfish, and rougheye 
rockfish from the rest of the Slope Rock- 
fish Assemblage and assigned individual 
ABC’s and TAC’s for these three spe- 
cies (Heifetz and Clausen, 1992). These 
ABC’s and TAC’s were considerably less 
than the values in previous years, when 
a single ABC and TAC was set for all 
Slope Rockfish species combined. As a 
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result of this more restrictive manage- 
ment policy, the rockfish fleet redirected 
more of its effort to northern rockfish, and 
catches for the species greatly increased 
in both 1991 and 1992. The high catches 
of northern rockfish in these two years 
raised concern among fishery assessment 
scientists that fishermen were selectively 
overharvesting this species within the 
“Other Slope Rockfish” management 
subgroup (Gulf of Alaska Groundfish 
Plan Team, 1992). Consequently, in 
1993 the NPFMC implemented another 
change in rockfish management policy 
by separating out northern rockfish as 
its own distinct management subgroup in 
the Gulf of Alaska. The NPFMC assigned 
northern rockfish its own ABC and TAC, 
and since 1993, the restrictions imposed 
by this quota have resulted in the catches 
listed in Table 1. To ensure the TAC was 
not exceeded, and to limit bycatch of 
other species, catches in 1996-98 were 
further reduced due to in-season manage- 
ment actions by NMFS, which closed the 
fishery early. 

In the Aleutian Islands, annual domes- 
tic catches of northern rockfish increased 
at a slower rate than those in the Gulf 
of Alaska (Table 2). Although northern 
rockfish in the Aleutian Islands were 
separated from the Pacific ocean perch 
complex in 1991 and assigned their own 
ABC and TAC, catches that year totaled 
only 251 t. A large increase in catches 
was finally seen in 1993, when nearly 
4,500 t were taken, and catches have 
remained relatively large in the years 
thereafter. In 1994—96, catches were lim- 
ited by mid-season closures for targeted 
fishing to ensure that the TAC was not 
exceeded. Since 1997, NMFS has prohib- 
ited targeted fishing for northern rockfish 
in the Aleutian Islands, and northern 
rockfish have been taken only as bycatch 
in other fisheries. This bycatch-only fish- 
ery was deemed necessary to prevent the 
closure of other more valuable fisheries 
in the Aleutian Islands, such as those for 
Atka mackerel and Pacific ocean perch 
(Smoker’). Such closures may have oc- 


7§moker, Andrew, Sustainable Fisheries Divi- 
sion, NOAA, Natl. Mar. Fish. Serv., Alaska 
Regional Office, Juneau, AK. Personal commun., 
April 2003. 


curred if both targeted and bycatch fish- 
ing for northern rockfish were allowed 
and, in combination, were to cause the 
TAC for this species to be exceeded. 
Annual domestic catches of northern 
rockfish in the eastern Bering Sea have 
consistently been much less than those 
in the Gulf of Alaska or Aleutian Islands 
(Table 3). Catches were highest in the 
years 1991-93, when targeted fishing was 
allowed during some periods. After 1993, 
catches for the “Other Red Rockfish” 
assemblage (of which northern rockfish 
was a member), were usually limited to 
bycatch only. TAC’s for this assemblage 
were also quite small after 1993, which 
restricted the catches even further. 


Targeted vs. Bycatch Fishing 
in the Gulf of Alaska 
and Aleutian Islands 


Our analysis of :he observer data indi- 
cates that in the Gulf of Alaska, the ma- 
jority of northern rockfish catch has been 
taken by vessels specifically targeting this 
species, whereas in the Aleutian Islands 
it has been taken mostly as bycatch in 
other fisheries. As mentioned, manage- 
ment regulations since 1997 have limited 
the Aleutians fishery to bycatch only, but 
even before 1997, most of the catch was 
taken as bycatch. Because the observer 
database does not contain information on 
the intended target species for each haul, 
we used procedures described in Ackley 
and Heifetz (2001) to determine the prob- 
able target species. In these procedures, 
the predominant species by weight in a 
haul was usually determined to be the 
target. The results showed that for the 
overall period 1990-98, an estimated 
81.8% of the northern rockfish catch 
in the Gulf of Alaska came from hauls 
that targeted this species, whereas only 
20.6% of the northern rockfish catch in 
the Aleutian Islands came from targeted 
fishing (Table 5). 

Most of this large bycatch of northern 
rockfish in the Aleutian Islands has been 
taken in the trawl fishery for Atka mack- 
erel, Pleurogrammus monopterygius. 
For 1990-98, our targeting analysis indi- 
cated that 68.8% of the northern rockfish 
catch in the Aleutian Islands came from 
hauls that were actually targeting Atka 
mackerel (Table 6). Except for 1990, the 
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Table 5.—Estimated percent of northern rockfish com- 
mercial catch in the Gulf of Alaska and Aleutian Islands 


Table 7.—Summary of information on the commercial fishery for northern rockfish in the Gulf of Alaska and Aleu- 
tian Islands, 1990-99.' 


that came from targeted fishing for northern rockfish, 
1990-98, based on data in the National Marine Fisher- 
ies Service, Alaska Fisheries Science Center Observer 
Program database. 


Mean 
duration of 
tow (min)* 


% caught 


by factory 
trawlers 


% caught 
by shore- 
based trawlers 


% 
discarded 


No. vessels 
in fishery® 


Region Catch 
and year (t) (t) 


Year Gulf of Alaska Aleutian Islands 


1990 47.1 
1991 91.3 
1992 

1993 

1994 

1995 

1996 

1997 

1998 

All years comb. 


Table 6.— Estimated percent of northern rockfish com- 
mercial catch in the Aleutian Islands taken as bycatch 
in the Atka mackerel targeted fishery, 1990-98, based 
on data in the National Marine Fisheries Service, 
Alaska Fisheries Science Center Observer Program 
database. 


Year Percent 


1990 31.0 
1991 66.4 
1992 75.9 
1993 78.2 
1994 75.8 
1995 68.4 
1996 57.7 
1997 79.7 
1998 71.7 
All years comb. 68.8 


majority of the northern rockfish catch in 
the Aleutians has consistently been taken 
as bycatch in the Atka mackerel targeted 
fishery. In reality, the actual percentage 
of northern rockfish caught in the Atka 
mackerel fishery was likely even higher 
than the data in Table 6 indicate. For 
example, there were many incidences 
in the observer database where a vessel 
made a series of hauls in the same 
general location, and all but one or two 
caught predominantly Atka mackerel. 
In these exceptions, northern rockfish 
often comprised a dominant percentage 
of the catch, and in our targeting analysis, 
these hauls were identified as targeting 
northern rockfish. In such cases, however, 
the vessel was more likely directing its 
efforts toward Atka mackerel, but had 
unintentionally encountered a large catch 
of northern rockfish. 

Because of the bycatch nature of the 
northern rockfish catch in the Aleutian 
Islands, the reader is cautioned that much 
of the information in this report from 
commercial fishery data in the Aleutian 
Islands may be somewhat biased in re- 


Gulf of Alaska 
1990 .a. .a. a. 124 
1995 . i ‘ . 127 
1998 
1999 
Aleutian Islands 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 


1999 100.0 


Data sources: For catch, percent discarded, percent caught by factory trawlers, and percent caught by shore-based 
trawlers: National Marine Fisheries Service, Alaska Region, P. O. Box 21688, Juneau, AK 99802-1668. For ABC and TAC: 
North Pacific Fishery Management Council, 605 W. 4th. Avenue, Suite 306, Anchorage, AK 99501-2252. For number of 
vessels in fishery and mean duration of tow: Observer Program database, National Marine Fisheries Service, Alaska 


Fisheries Science Center, REFM Division, 7600 Sand Point Way N. E., Seattle, WA 98115. 


2 Acceptable biological catch (ABC) and total allowable catch (TAC) are not listed for 1990—92 in the Gulf of Alaska and for 
1990 in the Aleutian Islands because northern rockfish were not in their own management category these years. 


3 Number of vessels that had at least one haul in the observer database for which northern rockfish was determined to be 


the target species. 


4 Time between brake-set and haulback (generally equivalent to time on bottom) for hauls in which northern rockfish was 


determined to be the target species. 
5 N.a. = data not available. 
6 Tr. = trace. 


gards to northern rockfish. The fishery 
data may be more an indication of how 
the Atka mackerel fishery operates rather 
than what a true directed fishery for 
northern rockfish would show. 


Description of the Fishery 
in the Gulf of Alaska 
and Aleutian Islands 


The domestic rockfish fishery in 
Alaska was pioneered by factory-trawler 
vessels that catch and process fish at sea, 
and these catcher-processors have gen- 
erally dominated the northern rockfish 
fishery in the Gulf of Alaska (Table 7). 
The majority of these vessels are about 
150-250 ft in length, and carry a crew 
of about 30-40, including processors.® 


‘This description of the factory-trawler fishery 
was based on interviews in August 1997 with the 
following individuals: Andrew Smoker, Sustain- 
able Fisheries Division, NOAA, Natl. Mar. Fish. 
Serv., Alaska Regional Office, Juneau, AK; Eric 
Hollis, Fishing Company of Alaska, Seattle, WA; 
Laurie Bowen, Tyson Seafood, Seattle, WA; and 
Tim Meintz, Cascade Fishing, Seattle, WA. 


Northern rockfish in the Gulf of Alaska 
are generally caught with bottom trawls 
identical to those used in the Pacific 
ocean perch fishery. Many of these nets 
are equipped with so-called “tire gear,” 
in which automobile tires are attached 
to the footrope of the net to facilitate 
towing over rough substrates. The fish 
are headed, gutted, and frozen on board, 
and then exported to markets in Asia, 
primarily Japan and South Korea. The 
Japanese market, in particular, esteems 
fish that are red in color; because northern 
rockfish tend to have less red coloration 
than Pacific ocean perch, they are corre- 
spondingly lower in value and are gener- 
ally marketed as a low-cost substitute for 
Pacific ocean perch. 

Northern rockfish have also been 
caught by shore-based trawlers in the 
Gulf of Alaska since 1993 (Table 7). This 
fishery remained relatively small until 
1996, when it expanded substantially 
and took nearly 31% of the Gulfwide 
catch. The shore-based vessels are much 
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smaller than the factory-trawlers and 
range in length from about 70-120 ft; 
crew size is roughly 3-5 (Blackburn’). 
The fish are caught and retained on 
board in tanks of refrigerated seawater 
for as long as 3 days, after which they are 
delivered to shore-side plants in the port 
of Kodiak for processing and freezing. 
Because of the economic advantages of 
operating close to port, virtually all the 
shore-based catches have come from 
waters around Kodiak Island. 

The annual number of vessels in the 
Gulf of Alaska that our analysis deter- 
mined to have targeted northern rockfish 
has ranged from 12 to 30 (Table 7). The 
actual number of vessels in the fishery 
after 1995 is probably underestimate 
in Table 7, however, because the smaller 
shore-based vessels that entered the fish- 
ery during these years had a lower level of 
observer coverage than the larger factory 
trawlers.'° Consequently, some of these 
smaller vessels likely were not listed in 
the observer database each year. Mean 
duration of an individual tow in the Gulf 
of Alaska that targeted northern rockfish 
has usually been about 2 hours on bottom 
(Table 7). Duration of individual tows, 
however, has been quite variable, and has 
ranged from 2 to 570 min. 

In the Aleutian Islands, the number 
of vessels determined to be targeting 
northern rockfish has been fewer than in 
the Gulf of Alaska, and has ranged from 
2 to 17 in the years 1990-98 (Table 7). 
As discussed, some of these vessels in 
reality may have been attempting to 
catch Atka mackerel rather than northern 
rockfish. The lower number of vessels in 
the Aleutian Islands is due in part to the 
near absence of any shore-based fishing 
in this region. Most of the vessels in the 
Atka mackerel fishery have a history 
of also participating in Gulf of Alaska 
and Aleutian Islands rockfish fisheries, 
so the previous description of rockfish 
factory-trawlers applies equally to these 
vessels. 


9Blackburn, Chris, Alaska Groundfish Data Bank, 
Kodiak, AK. Personal commun., May 1997. 
'ONPFMC regulations require only 30% of the 
vessels less than 125 ft to have an observer on 
board, whereas all vessels over 125 ft must have 
an observer. 
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Discard Rates for Northern Rockfish 


The amount of the northern rockfish 
catch discarded and not retained for pro- 
cessing has differed markedly between 
the Gulf of Alaska and Aleutian Islands 
(Table 7). In the Gulf of Alaska, annual 
discard rates have been relatively low, 
ranging from 26.5% in 1993 to only 
11.1% in 1999. In contrast, annual dis- 
cards of northern rockfish in the Aleutian 
Islands have been consistently very high, 
with several years showing discard rates 
of around 90%. This difference can be 
explained by a combination of two fac- 
tors: 1) because northern rockfish in the 
Aleutian Islands are mostly caught as 
bycatch in the Atka mackerel fishery, 
catcher-processors in this fishery are not 
set up for processing northern rockfish, 
and 2) northern rockfish in the Aleutian 
Islands appear to be much smaller in size 
than those in the Gulf of Alaska (data 
supporting this observation are presented 
later in this report). These small fish are 
of lower market value; consequently, 
there is less economic incentive for fish- 
ermen to retain them. 


Seasonality of Fishery 


The distribution of the northern rock- 
fish catch by month for both the Gulf of 
Alaska and Aleutian Islands is shown in 
Figure 2 for the years 1990-98 combined. 
The seasonal distribution of catches has 
been very different in each region. In the 
Gulf of Alaska, the majority of the catch 
has been taken in July, with a secondary 
peak in October. In the Aleutian Islands, 
however, most of the catch has come in 
the spring, although sizeable catches are 
also seen in other months. These seasonal 
catch patterns are largely determined by 
fishery opening and closing regulations 
enacted by NMFS. In the Gulf of Alaska, 
the directed rockfish trawl fishery during 
these years has traditionally opened 
on | July, which accounts for the large 
catches during this month. Rockfish 
trawlers usually direct their efforts first 
toward Pacific ocean perch because of 
its higher value relative to other rockfish 
species; after the TAC for Pacific ocean 
perch has been reached and NMFS closes 
directed fishing for this species, trawlers 
then switch and target northern rockfish. 


In some years, the northern rockfish 
fishery extended into August until it 
was Closed, which explains the catches 
seen for this month in Figure 2. In other 
instances, directed fishing was closed 
in July or August before the TAC was 
achieved. The rockfish trawl fishery was 
then opened again in October to allow the 
remainder of the quota to be filled, which 
accounts for the relatively large catches 
seen in this month. In the Aleutian Is- 
lands, the monthly distribution of north- 
ern rockfish catches is chiefly related to 
the timing of the Atka mackerel fishery, 
in which the majority of northern rockfish 
are caught. Due to NMFS regulations, the 
Atka mackerel fishery in recent years has 
mostly occurred in the spring, resulting 
in a large bycatch of northern rockfish 
during March, April, and May. 

This seasonal pattern of the fishery, 
especially in the Gulf of Alaska, needs to 
be kept in mind when considering some 
of the results presented in this paper. For 
example, examination of the depth dis- 
tribution of northern rockfish in the Gulf 
based on fishery data will emphasize the 
summer distribution of the fish because 
this is when most of the data have been 
collected. 


Catch by Gear Type 
and On-bottom vs. 
Off-bottom Catches 


According to the observer database, 
bottom trawls have accounted for over 
99% of the northern rockfish catch in 
both the Gulf of Alaska and Aleutian 
Islands (Table 8). A very small amount 
has been taken by pelagic trawls. Bottom 
trawls can be defined as nets specifically 
designed to handle the rigors of towing 
over the bottom, with weighty “doors” 
to sink and spread the net, and heavy 
footropes and webbing. In contrast, pe- 
lagic trawls are designed for off-bottom 
towing with lighter doors, footropes, and 
webbing, and they usually have a much 
larger vertical and horizontal spread at 
the mouth for capturing pelagic schools 
of fish. It should be noted, however, 
that bottom trawls are sometimes fished 
off bottom; likewise, skilled fishermen 
can fish pelagic trawls very near or just 
touching the bottom, especially where 
the substrate is smooth. 
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Figure 2.— Distribution by month of the northern rockfish commercial catch in the 
Gulf of Alaska and Aleutian Islands, 1990-98, based on data collected by the NMFS 
Alaska Fisheries Science Center Observer Program. 


Catches of northern rockfish in pots 
or on longlines have been very low 
(Table 8). Although in the Aleutian 
Islands this species has been taken rela- 
tively often on longlines (over 3,400 ob- 
served longline hauls have shown catches 
of northern rockfish), longline catches 
amount to only 0.5% of the total for this 
region. In the Gulf of Alaska, catches 
of these fish on longlines are much less 
frequent, and longlines account for only 
a trace of the region’s total catch of this 
species. These low catches in pots or on 
longlines can be explained by the diet 


preferences of northern rockfish. Food 
studies of northern rockfish in both the 
Gulf of Alaska and Aleutian Islands 
indicate that the fish feed predominantly 
on plankton, especially euphausiids and 
copepods (Yang, 1993; 1996). Therefore, 
it is likely that northern rockfish are not 
attracted to baited gear such as pots or 
longlines. 

In the eastern Bering Sea, bottom 
trawls have also been the predominant 
gear for catching northern rockfish, with 
an estimated 92% of the catch coming 
from bottom trawls. Compared to the 


Gulf of Alaska and Aleutian Islands, 
however, the frequency and percentage 
of catches of northern rockfish in the 
eastern Bering Sea coming from pelagic 
trawls has been much higher. This can be 
explained by the large amount of pelagic 
trawling for walleye pollock in the Bering 
Sea in which small amounts of northern 
rockfish may be taken as bycatch. 

In both the Gulf of Alaska and Aleu- 
tian Islands, about 90% of the northern 
rockfish catch has been taken on bottom 
(Fig. 3). Furthermore, for the portion 
of the catch taken off bottom, there ap- 
pears to be a trend toward larger catches 
as hauls are made increasingly close 
to bottom. For example, in the Gulf of 
Alaska, most (71%) of the off-bottom 
catch has been taken within the first 10 
m of the bottom. These data suggest that 
adult northern rockfish are mostly demer- 
sal in nature, and that there may be little 
pelagic component to their distribution, at 
least during those times of the year when 
the commercial fishery has operated. 
Also, it should be noted that some of the 
vessels that fish for northern rockfish in 
the Gulf of Alaska have successfully used 
pelagic trawls for capturing off-bottom 
aggregations of rockfish, in particular 
Pacific ocean perch. The fact that they 
have not chosen to do this for northern 
rockfish is a further indication that north- 
ern rockfish are mostly bottom-oriented 
in their distribution. 


Depth Distribution of the Catch 


Observer data were analyzed to deter- 
mine the depth distribution of commer- 
cial hauls that caught northern rockfish in 
the Gulf of Alaska and Aleutian Islands. 
Results showed most of the northern 
rockfish catch in both regions was taken 
from a relatively narrow depth range 
(Fig. 4). In the Gulf of Alaska, about 70% 
of the catch came from depths between 
75 and 125 m, with the 75—100 m stra- 
tum showing the highest catches. In the 
Aleutian Islands, catches were distributed 
slightly deeper, with about 65% taken 
at depths 100-150 m, and the 100-125 
stratum showing the highest catches. 
In both regions, the depth distribution 
was not symmetrical; catches abruptly 
dropped to near zero at depths less than 
50 m, but gradually tapered off at depths 
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greater than 150-175 m. Even at depths 
exceeding 300 m, several hauls reported 
catches of northern rockfish in excess of 
5-10 t. In the Gulf of Alaska, the deepest 
haul with a substantial catch of northern 
rockfish (>10 t) was at 387 m and in the 
Aleutian Islands at 604 m. caine: 


>50 m off-bottom Gulf of Alaska Fishery 


Location of Fishing Grounds 


To determine the geographic distribu- _ 1-10 m off-bottom 
tion of northern rockfish catches in the 
commercial fishery, we examined data 
from the observer program for the years 
1990-98. Geographic information system On-bottom 
(GIS) plots of all hauls that contained any 
northern rockfish show that catches have 
been widespread along the outer conti- 
nental shelf and upper continental slope 
in the Gulf of Alaska, Aleutian Islands, 
and eastern Bering Sea (Fig. 5A, 6A, ' . 
7A). The Gulf of Alaskacatches become >50m off-bottom | 0. Aleutian Islands Fishery 
relatively infrequent in the eastern Gulf, 
and southeastern Alaska is not included 
in Figure 5A because only a few hauls 
caught northern rockfish in this area. 

To further examine the geographic 
distribution of catches, we arbitrarily 
selected only those hauls in the upper —_ 4.19 m off-bottom 
20% of all northern rockfish catches, and 
we also plotted these catches (Fig. 5B, 
6B, 7B). In the Gulf of Alaska, hauls in 
this upper 20% quantile (equivalent to On-bottom 
a northern rockfish catch of 23,500 kg) 
comprised 86.3% of the total catch of 
this species in this region for the years 20 30 40 50 60 70 900: 100 
1990-98. Similarly, in the Aleutian Is- Percent of northern rockfish catch 
lands, the upper 20% quantile (equivalent 

atc’ igure 5.—WUn-bdottom Vs. Off-bdottom distribution Of Catches Of northern rockns 
to rockfish catch 21,633 kg) Gulf of Alaska and Aleutian Islands commercial fisheries, 1990-98, based on 
data collected by the NMFS Alaska Fisheries Science Center Observer Program. 


10-50 m off-bottom |: 


amounted to 82.0% of the northern rock- 
fish catch. Because of the much smaller 
catches of northern rockfish in the east- Table 8.— Summary by region and gear type of northern rockfish (NR) ial catches, 1990-98, based on data 
em Bering Sea, the upper 20% quantile in the National Marine Fisheries Service, Alaska Fisheries Science Center Observer Program database. 
level for the Aleutian Islands was used 
to make the plot for the eastern Bering 
ion an jear type catc catcn in region catc au aur 
Sea (Fig. 7B) comparable to that for the a : : : : 
ic > Gulf of Alaska 
Aleutian Islands. This level (21,631 kg) Maske 
comprised 72.6% of the total catch of __ pelagic trawl 5,327.1 
northern rockfish in this region for the — Raine bey 
years 1990-98. Aleutian Islands 
bottom trawl 766. 55,631.8 
Thus, Figures 5B—7B show that the pelagic traw 
highest individual catches, and the bulk —p*t 42.8 
of the northern rockfish total catch, are Eastern Bering Sea 
concentrated at a number of discrete 
fishing grounds that are relatively small _pot - 75.8 
in size. Outside these grounds, north- 


ern rockfish are still often encountered ‘Tr. =trace 
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Figure 4. — Depth distribution of the catch of northern rockfish in the Gulf of Alaska 
and Aleutian Islands commercial fisheries, 1990-98, based on data collected by the 
NMFS Alaska Fisheries Science Center Observer Program. 


Table 9.—Major commercial fishing grounds for northern rockfish in the Gulf of Alaska, Aleutian Islands, and 
eastern Bering Sea, 1990-98, based on data in the National Marine Fisheries Service, Alaska Fisheries Science 
Center Observer Program database. Data are for hauls using bottom trawls only and do not include hauls that did 


not catch northern rockfish. 


No. of hauls 
with NR’ catch 


Region and 
fishing ground 


% of NR 
catch in region 


Mean NR 
CPUE? (kg/hr) 


Mean depth 
of hauls (m) 


Gulf of Alaska 
Portlock Bank 
Albatross Bank 
Snakehead 
Shumagin Bank 
Davidson Bank 
All Gulf of Alaska 

Aleutian islands 
Seguam Pass 
N & S of Amiia |. 
Delarof I. 

Petrel Bank 

S of Amchitka |. 
SW of Amchitka |. 
Sturdevant Rock 
Buldir Reef 

W of Buldir |. 489 
Tahoma Reef 252 
Ingenstrem Rocks 69 
All Aleutians 11,074 

Eastern Bering Sea 
SE Zhemchug Canyon 
All Eastern Bering Sea 


1,397 
748 
944 
668 
319 

7,990 


2,244 
591 
487 

1,122 
495 
491 

1,625 
560 


353 
1,875 


19.4 
11.2 
45.8 
7.9 
44 
100.0 


1,931.4 
2,511.8 
11,737.6 
2,194.4 
1,873.5 
2,391.3 


9.0 392.1 
4.2 599.0 
3.1 645.4 
17.8 1,453.4 
6.7 1,565.5 
3.6 1,000.7 
19.5 1,202.4 
6.6 1,050.7 
5.6 1,588.5 
45 1,893.1 
3.3 3,350.2 
100.0 946.0 


61.78 
100.0 


969.2 
329.1 


' NR = northern rockfish 
2 CPUE = catch per unit effort 


3 57.0% of northern rockfish catch for all gear types in the eastern Bering Sea 


(Fig. SA—-7A), but generally in sparse 
quantities. 

In the Gulf of Alaska, there appear to 
be five major fishing grounds: Portlock 
Bank, Albatross Bank, an unnamed bank 
south of Kodiak Island that fishermen 
commonly refer to as the “Snakehead,” 


Shumagin Bank, and Davidson Bank 
(Fig. 5B; Table 9). Cumulatively, com- 
mercial hauls from these five banks have 
yielded an estimated 88.7% of the total 
northern rockfish catch in the Gulf of 
Alaska. The Snakehead appears to be a 
particularly productive locality for north- 


ern rockfish; it accounted for nearly 46% 
of the Gulf of Alaska catch of northern 
rockfish in 1990-98, and had a much 
higher catch per unit effort (CPUE) than 
any of the other major fishing grounds. 

These fishing grounds share some 
geographic and physical characteristics, 
which may be an indication of the pre- 
ferred habitat for adult northern rock- 
fish. All five banks appear to consist of 
relatively shallow, isolated rises or banks 
located on the outer continental shelf near 
the beginning of the upper continental 
slope (i.e. the 200 m depth contour). 
Mean depth of hauls made on the grounds 
ranges from 90 to 147 m (Table 9), which 
is shallower than what would be expected 
given their offshore location, and each 
is separated from land by an intervening 
stretch of deeper water. 

A comparison of the depth distribution 
of the commercial catch (Fig. 4) with 
the mean depth of the fishing grounds 
(Table 9) shows that the commercial 
catch is distributed somewhat shal- 
lower than the mean depth of the fishing 
grounds. This indicates the shallower 
portions of the grounds account for a 
greater percentage of the catch. 

In the Aleutian Islands, there are 
at least 11 identifiable major fishing 
grounds for northern rockfish (Fig. 6B; 
Table 9). This number is greater than the 
five major grounds identified in the Gulf 
of Alaska, and it may reflect the more 
complicated offshore topography of the 
Aleutian Islands, with their numerous 
passes between the Bering Sea and the 
North Pacific Ocean and many offshore 
reefs. Also, establishment of trawl exclu- 
sion zones in the Aleutian Islands in 1991 
to protect Steller sea lions!'! (in which 
irawling was prohibited within 10 n.mi. 
of sea lion rookeries) may have caused 
the artificial separation of some of the 
grounds. For example, trawl exclusion 
zones lie between the Buldir Reef and 
west of Buldir Islands grounds and be- 
tween the grounds south and southwest 
of Amchitka Island. If the trawl exclusion 


"Steller Sea Lion Protection Measures Final 
Supplemental Environmental Impact Statement, 
Nov. 2001. Avail. from Natl. Mar. Fish. Serv., 
Alaska Region, P.O. Box 21668, Juneau, AK 
99802-1668. 
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zone did not exist in the Buldir area, fish- 
ing might extend continuously between 
the two fishing grounds that are now 
found at this locality, and the same might 
also be true for the Amchitka area. 

The 11 grounds identified in Figure 6B 
and Table 9 cumulatively account for 
83.9% of the northern rockfish catch 
in the Aleutian Islands for the years 
1990-98. The ground providing the high- 
est percentage of northern rockfish catch 
is Sturdevant Rock, with 19.5% of the 
Aleutian Islands total. Other important 
grounds are Petrel Bank and Seguam 
Pass. The highest CPUE was at Ingens- 
trem Rocks, although this may be due to 
the relatively small effort (only 69 hauis 
in which northern rockfish were caught) 
at this locality. 

Except for Amlia Island, all the fish- 
ing grounds for northern rockfish in 
the Aleutian Islands are also important 
fishing areas for Atka mackerel (Fritz!*), 
which would be expected given that most 
northern rockfish in this region are taken 
as bycatch in the Atka mackerel fishery. 
Seguam Pass in particular appears to be 
an important fishing ground for northern 
rockfish not because of a high abundance 
of the species at this locality, but due to 
the intensive fishing effort for Atka mack- 
erel that occurs there. This is shown by 
the data in Table 9, in which Seguam Pass 
had the third highest catch of northern 
rockfish in the Aleutian Islands and also 
the highest number of hauls, but had a 
CPUE much lower than any of the other 
grounds. 

Similar to the Gulf of Alaska, several 
of the fishing grounds in the Aleutian 
Islands may be characterized as offshore 
banks or rises of relatively shallow 
depth, which are surrounded by deeper 
water on all sides. This appears to be 
the case particularly for Seguam Pass, 
Petrel Bank, and Tahoma Reef. Other 
fishing grounds, however, such as those 
off Amlia and Amchitka Islands, are 
located relatively close to shore where 
the shelf follows the more typical pattern 


'2Fritz, Lowell, NOAA, Natl. Mar. Fish. Serv., 
Alaska Fisheries Science Center, Resource 
Ecology and Fish Management Division, Bldg. 
4, 7600 Sand Point Way N.E., Seattle, WA 
98115. Unpubl. data, May 2000. 
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Figure 5.—Location of hauls that caught northern rockfish in the Gulf of Alaska 
commercial fishery, 1990-98, based on data collected by the NMFS Alaska Fisher- 
ies Science Center Observer Program. A: All hauls that caught northern rockfish; B: 
Hauls in the upper 20% quantile of northern rockfish catches (= catch of northern 
rockfish 23.5 t). Also shown in B are the major commercial fishing grounds for 
northern rockfish in the Gulf of Alaska that were identified in this study, along with 
each ground’s estimated percent by weight of the Gulfwide commercial catch of 


northern rockfish for the years 1990-98. 


of sloping gradually into deeper water. 
Mean depth of the 11 fishing grounds 
ranges from 103 to 190 m (Table 9). 
Also similar to the Gulf of Alaska, a 
comparison of the depth distribution 
of the catch with the mean depth of 
the fishing grounds (Fig. 4 vs. Table 9) 
indicates that highest catches come from 
shallower portions of the grounds. 

In the eastern Bering Sea, only one 
major fishing ground was evident 
(Fig. 7B.). In Figure 7B, we call this 
ground “Southeast Zhemchug Canyon,” 
although it is actually located adjacent 
to rather than in the canyon. This fish- 


ing ground accounted for nearly 62% of 
all the northern rockfish catch taken by 
bottom trawls in this region (57% of the 
catch for all gear types (Table 9)). Com- 
paring Figure 7A with Figure 7B shows 
that northern rockfish have been caught 
in very sparse amounts at many locations 
in the eastern Bering Sea, with Southeast 
Zhemchug Canyon the only significant 
locality where large catches were taken. 
The Southeast Zhemchug Canyon fishing 
ground can be physically characterized 
as a shallow offshore rise on the outer 
continental shelf, surrounded by deeper 
water, so it is similar topographically to 
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Figure 6.— Location of hauls that caught northern rockfish in the Aleutian Islands 
commercial fishery, 1990-98, based on data collected by the NMFS Alaska Fisher- 
ies Science Center Observer Program. A: All hauls that caught northern rockfish; B: 
Hauls in the upper 20% quantile of northern rockfish catches (= catch of northern 
rockfish 21.631 t). Also shown in B are the major commercial fishing grounds for 
northern rockfish in the Aleutian Islands that were identified in this study, along 
with each ground’s estimated percent by weight of the region’s commerciai catch of 


northern rockfish for the years 1990-98. 


many of the other fishing grounds for 
northern rockfish. 


Size of Fish Caught in the Fishery 


Mean size of northern rockfish taken 
by the commercial fishery was signifi- 
cantly larger in the Gulf of Alaska com- 
pared to the Aleutian Islands. We used 
observer data for the years 1990-98 on 
the estimated total weight and numbers 
of northern rockfish in each haul to com- 
pute mean weight per fish. For each year, 
mean weight per fish was consistently 
greater in the Gulf of Alaska than in the 
Aleutian Islands (Fig. 8). Overall mean 


weight per fish during the entire period 
was 0.68 kg in the Gulf of Alaska and 
only 0.53 kg in the Aleutian Islands. 
Data in the eastern Bering Sea were too 
sparse to compute mean weight per fish 
on an annual basis, but estimated mean 
weight for the years 1990-98 combined 
was 0.50 kg. Thus, size of northern rock- 
fish caught in the eastern Bering Sea was 
similar to that of the Aleutian Islands. 
Length frequency data for northern 
rockfish were collected by observers 
on a consistent basis only in the Gulf of 
Alaska. Generally, lengths were taken 
only from hauls with a large catch of 


Table 10.—Sex composition of northern rockfish sam- 
pled by observers in the Gulf of Alaska commercial 
fishery, 1990-98. 


Year % male % female No. sexed 


1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
Total 


northern rockfish where this species 
predominated in the catch. Most fish were 
between 30 and 42 cm fork length, and 
mean fork length was 36.1 cm (Fig. 9). 

Sex was also determined for many 
of the northern rockfish sampled by ob- 
servers for length in the Gulf of Alaska. 
Females had a mean fork length that 
was almost | cm longer than that for 
males (Fig. 10). A t-test of the difference 
between two means indicated that this 
difference was highly significant (P < 
0.0001, t = 38.57, df = 55,309), which 
was not surprising given the large sample 
size that was taken. 


Sex Ratio of 
Fish Caught in the 
Gulf of Alaska Fishery 


Northern rockfish sex ratios deter- 
mined from the observer data in the Gulf 
of Alaska were often close to 50:50 on an 
annual basis, but pooling these data over 
all years showed females predominated 
by a ratio of 52.3:47.7 (Table 10). This 
pooled ratio may have been affected by 
the fact that the 2 years with the highest 
percentage of females (1992 and 1993) 
also were the years in which the most 
number of fish were sexed. 

To determine whether the sex ratio for 
all years combined differed significantly 
from 50:50, we conducted replicated tests 
of goodness of fit as described in Sokal 
and Rohlf (1969). In this procedure, each 
haul is treated as a replicate, and a chi- 
square test is then performed for each 
haul, which allows a pooled chi-square 
Statistic to be computed for all the data 
combined. Our computed statistic for 
the pooled data was highly significant 
(chi-square = 119.9; df = 1; P <0.0001; 
therefore, we reject the null hypothesis 
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of a 50:50 sex ratio and conclude there 
were significantly more females caught 
in the Gulf of Alaska fishery. 

We further examined the sex compo- 
sition of northern rockfish in individual 
hauls to see if the fish were aggregated 
by sex on a localized basis. For this, we 
selected only those hauls in which sex 
was determined for 240 northern rock- 
fish. About two-thirds of the hauls were 
within 10% of a 50:50 sex ratio, but there 
were also many hauls in which either sex 
considerably predominated (Fig. 11). 
To determine whether the sex ratios in 
individual hauls differed significantly 
from 50:50, we again used replicated 
tests of goodness of fit similar to those 
described above. If each haul that had 
240 sexed fish is treated as a replicate, 
and a chi-square test is performed for 
each haul, then a chi-square statistic can 
be computed among replicates to mea- 
sure the significance of heterogeneity 
among hauls (Sokal and Rohlf, 1969). 
Our computed statistic was highly sig- 
nificant (chi-square = 2,453; df = 549; 
P <0.0001), which indicated that indi- 
vidual hauls were very heterogeneous 
and differed greatly from a 50:50 ratio. 
It should be noted, however, that the chi- 
square tests for individual hauls showed 
that in the majority of hauls (67.7%) the 
sex ratio was not significantly different 
than 50:50. Therefore, at most localities, 
the sex ratio could be characterized as 
uniform, but locations with a skewed sex 
ratio were sufficiently common to cause 
the replicated tests of goodness of fit to 
indicate a high degree of heterogeneity 
among hauls. 


CPUE in the Gulf 
of Alaska Fishery 


We examined CPUE in the commer- 
cial fishery for northern rockfish in the 
Gulf of Alaska for the years 1990-98. 
In this analysis, CPUE (kilograms 
of northern rockfish caught per hour 
trawled) was calculated for each haul 
in the observer database that we had 
previously determined to be targeted on 
northern rockfish. The average of these 
values for each year was then computed 
to yield overall mean CPUE’s. It is well 
known that commercial fishery CPUE 
data may be biased when used as an 
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Figure 7.— Location of hauls that caught northern rockfish in the eastern Bering Sea 
commercial fishery, 1990-98, based on data collected by the NMFS Alaska Fish- 
eries Science Center Observer Program. A: All hauls that caught northern rockfish; 
B: Hauls with a catch of northern rockfish 21.631 t. Also shown in B is the major 
commercial fishing ground for northern rockfish in the eastern Bering Sea that was 
identified in this study, along with the ground’s estimated percent by weight of the 
region’s commercial bottom trawl catch of northern rockfish for the years 1990-98. 


indicator of trends in stock abundance, 
especially when dealing with an aggre- 
gated species such as northern rockfish 
(Quinn and Deriso, 1999). Rather than 
determining abundance trends, the pur- 
pose of this analysis was to document 
the typical CPUE in the fishery, and to 
see if any gross temporal changes in 
CPUE were apparent. 

Results showed mean annual CPUE 
was generally in the range of 5,000—9,000 
kg/h (Table 11). The one exception was 
1991, when mean CPUE was almost 
18,000 kg/h. The high CPUE in 1991 
appeared to be caused by one highly pro- 
ductive vessel that dominated the fishery 


Table 11.—Mean CPUE (kg/h trawled) of northern 
rockfish (NR) in the Gulf of Alaska commercial fishery, 
1990-98, based on hauls in the National Marine Fisher- 
ies Service, Alaska Fisheries Science Center Observer 
Program database that were determined to be targeted 
on northern rockfish. 


CPUE 
(kg/h) 


4,515.5 67 
17,942.6 359 
5,758.0 369 
4,932.9 251 
7,568.5 276 
6,500.9 267 
7,264.3 141 
5,772.2 78 
9,093.9 78 
8,544.7 1,886 


No. hauls 


Year targeted on NR 


1990 
1991 


All years comb. 


that year in terms of hauls targeted on 
northern rockfish. 
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Figure 8.— Mean weight per fish of northern rockfish caught in the Gulf of Alaska 
and Aleutian Islands commercial fisheries, 1990-98, based on data collected by 
the National Marine Fisheries Service, Alaska Fisheries Science Center Observer 


Program. 
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Figure 9.—Length frequency distribution of northern rockfish measured by obser- 
vers in the Gulf of Alaska commercial fishery, 1990-98. 


The highest CPUE for an individual 
haul was nearly 395,000 kg/h, which 
resulted from a catch of over 13,000 kg 
in a haul that was only 2 min in duration. 
Several other extremely large catches 
were seen from hauls that were less 
than 10 min long, which indicates that 
northern rockfish can sometimes be very 
densely aggregated. 

A similar analysis was not done for 
northern rockfish CPUE in the Aleutian 
Islands because relatively few hauls in 


this region were identified as targeting 
on northern rockfish. 


Trawl Surveys 

Fishery-independent trawl surveys 
provide an alternative source of infor- 
mation on northern rockfish in Alaska. 
For this report, we examined data from 
Six extensive bottom trawl surveys in 
the Gulf of Alaska and six in the Aleu- 
tian Islands (Table 12). These surveys 
were conducted by the AFSC’s RACE 


Division from 1980 onward. The main 
objectives of the surveys in each region 
were to determine the distribution and 
abundance of principal groundfish and 
to collect ancillary biological informa- 
tion on these species, such as size, sex, 
and age composition. The surveys were 
conducted during the period May—Sep- 
tember at depths ranging from about 10 to 
500 m on the continental shelf and upper 
continental slope; in some years, depths 
to 1,000 m were sampled. 

Each of the surveys used a stratified 
random design to select locations of trawl 
stations throughout each region, and fish- 
ing gear and procedures were standard- 
ized to allow comparisons between years. 
Standard duration of hauls on bottom 
was either 15 or 30 min, depending on 
the year, and detailed information was 
usually collected for each haul on width 
of the net opening and distance fished 
over the bottom. These measurements 
were used to calculate the area swept by 
the net over the bottom, and CPUE for 
species caught was then computed in 
terms of numbers and weight per square 
km. Biomass and population estimates 
were calculated by multiplying the mean 
CPUE’s (kilogram per square km or 
numbers per square km) of each stratum 
by the stratum’s areal size and summing 
the results to obtain estimates by manage- 
ment areas or by the total survey area 
(Wakabayashi et al., 1985). For more 
details on these surveys, the reader is 
referred to the following reports: Brown 
(1986); Harrison (1993); Ronholt et al. 
(1994); Stark and Clausen (1995); Martin 
and Clausen (1995); Martin (1997); and 
Britt and Martin (2001). 

Bottom trawl surveys of the eastern 
Bering Sea have also been conducted 
by the RACE Division, but catches of 
northern rockfish have been exceedingly 
sparse. In a series of six surveys between 
1979 and 1991, the largest biomass esti- 
mate for northern rockfish for the entire 
eastern Bering Sea region was only 53 t; 
two of the surveys reported no catches at 
all of northern rockfish (Ito et al., 1999). 
Because of this extremely limited infor- 
mation, we have chosen in this report to 
exclude analysis of RACE trawl survey 
data for northern rockfish in the eastern 
Bering Sea. 
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Survey Biomass Estimates 


Biomass estimates for northern rock- 
fish from the Gulf of Alaska and Aleutian 
Islands surveys suggest that the size of the 
northern rockfish resource in each region 
may be somewhat similar. Biomass esti- 
mates for the Gulf of Alaska have ranged 
from about 40,000 to 140,000 t between 
1984 and 1996, and for the Aleutian 
Islands from about 40,000 to 190,000 t 
for the period 1980-97 (Fig. 12). One ex- 
ception to this general similarity between 
regions is the 1999 biomass in the Gulf of 
Alaska of 242,000 t. This high biomass 
can be partially attributed to an extremely 
large catch of northern rockfish in one 
haul, so it may be an anomaly (Heifetz 
et al., 1999). More detailed information 
on these biomass estimates, especially 
concerning their precision and possible 
biases, may be found in annual rockfish 
stock assessments documents that were 
prepared for the NPFMC (e.g. Heifetz 
et al., 1994; Heifetz et al., 1999; and Ito 
et al., 1999). 


Depth Distribution of 
Northern Rockfish in Surveys 


Ananalysis of the depth distribution of 
northern rockfish in the surveys showed 
that in both the Gulf of Alaska and Aleu- 
tian Islands, northern rockfish were taken 
at generally similar depths, although the 
catches were distributed slightly deeper 
in the Aleutian Islands (Fig. 13). In the 
Gulf of Alaska, nearly all the catch came 
from depths between 50 and 200 m, with 
the majority (79.7%) in depths 75—150 m, 
and a peak at 100-125 m. In the Aleutian 
Islands, almost all the catch was taken at 
depths 75-200 m, with most (96.6%) at 
depths 75—175 m. In contrast to the Gulf 
of Alaska, no individual depth stratum 
predominated in the Aleutian Islands, and 
catches were rather evenly distributed at 
strata between 75 and 175 m. Shallow 
and deep extremes of northern rockfish 
distribution in the Gulf of Alaska surveys 
were 40 m and 649 m, respectively, and 
62 m and 620 m, respectively, in the 
Aleutian Islands surveys. 

Depth distribution of northern rockfish 
in the surveys was similar to that of the 
commercial fishery (compare Fig. 13 
with Fig. 4). In the Gulf of Alaska, the 
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Figure 10.—Length frequency distribution, by sex, of northern rockfish measured 
by observers in the Gulf of Alaska commercial fishery, 1990-98. 
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Figure 11.—Sex composition of northern rockfish in individual hauls determined 
by observers in the Gulf of Alaska commercial fishery, 1990-98. Hauls include only 
those in which sex was determined for 240 northern rockfish. 


Table 12.— Summary of National Marine Fisheries Service bottom trawl surveys in the Gulf of Alaska and Aleutian 
Islands that were used in this report to provide information on northern rockfish (NR = northern rockfish). 


Gulf of Alaska Aleutian Islands 


No. of hauls No. of hauls 
Year of survey No. of hauls with NR catch Year of survey No. of hauls with NR catch 


1984 j 162 1980 435 120 
1987 259 1983 425 159 
1990 145 1986 499 155 
1993 171 1991 379 131 
1996 148 1994 449 128 
1999 140 1997 498 158 
All years 392 1,025 All years 2,685 851 


18 
H 
12 | 
© 10 : > 
| 
6 | : 

120 

100 

& 
4 
4 
a 


250 
200 Aleutian Islands 
150 
c 
100 
Gulf of Alaska 
= 
0 
80 82 84 86 88 90 92 94 96 98 
Year 


Figure 12.—Biomass estimates for northern rockfish in the Gulf of Alaska and 
Aleutian Islands, 1980-99, based on NMFS bottom trawl surveys. 
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Figure 13.— Depth distribution of CPUE in kg/km? of northern rockfish in NMFS 
bottom trawl surveys of the Gulf of Alaska and Aleutian Islands, 1980-99. 


fishery caught more fish at slightly shal- 
lower depths than did the surveys, but 
both data sources indicated that 80% or 
more of the catch came from depths of 
75-150 m. Likewise, in the Aleutian Is- 
lands both the fishery and surveys agreed 
that around 90% or more of the fish were 
found in depths between 75 and 175 
m. Both data sources also showed that 
catches were distributed a little deeper 
in the Aleutian Islands. 


16 


Geographic Distribution 
of Survey Catches and 
Comparison with Fishery Catches 


Similar to the procedures used above 
in the analysis for the commercial fish- 
ery, a series of GIS plots was made to 
examine the geographic distribution of 
northern rockfish catches in the surveys. 
Plots of all survey hauls that reported any 
catch of northern rockfish, regardless of 


the amount, showed catches were wide- 
spread in both the Gulf of Alaska and 
Aleutian Islands (Fig. 14A and 15A). As 
in comparable plots for the commercial 
fishery (Fig. 5A and 6A), catches in the 
Gulf of Alaska tend to be more common 
on the outer continental shelf rather than 
inshore, whereas there is little discernible 
pattern to catches in the Aleutian Islands. 
Also, catches become more infrequent in 
the eastern Gulf of Alaska, and no fish 
were caught off southeastern Alaska. 

To identify locations where northern 
rockfish were abundant in the surveys, 
additional plots were made for only 
those hauls with a relatively high CPUE 
(>5,000 kg/km?) for northern rockfish 
(Fig. 14B and 15B). This amount was 
chosen so the plots would be comparable 
to those for the fishery (Fig. 5B and 
6B) to determine where the catch was 
concentrated. A CPUE of 5,000 kg/km? 
is roughly equivalent to the 3,500 kg 
criterion we used in Figure 5B for plot- 
ting large catches of northern rockfish in 
the Gulf of Alaska fishery. (For a typical 
fishery haul, which uses commercial 
gear towed over the bottom for about 
2 h, a catch of 3,500 kg approximately 
equals a CPUE of 5,000 kg/km2.) Highest 
CPUE for any haul in the Gulf of Alaska 
was 405,438 kg/km?, and in the Aleutian 
Islands, 180,943 kg/km?. The hauls in 
Figures 14B and 15B accounted for most 
of the total northern rockfish CPUE in 
the surveys: for the Gulf of Alaska, they 
comprised 89.7% of the total CPUE for 
this species, and for the Aleutian Islands, 
92.9%. For the Gulf of Alaska (Fig. 14B), 
these abundant catches were concentrated 
at various localities on the outer continen- 
tal shelf just inside the 200 m depth curve. 
In the Aleutian Islands (Fig. 15B), hauls 
with large CPUE also were concentrated 
at several locations, but relatively few 
large catches were found in the eastern 
Aleutian Islands (i.e. the area east of 
Petrel Bank). 

Locations of abundant northern rock- 
fish catches in the fishery did not always 
coincide with those in the surveys, and 
vice versa. To compare these two data 
sources in terms of where most of the 
fish were caught, the major commercial 
fishing grounds identified previously in 
this report are superimposed on Figures 


Marine Fisheries Review 


| 
| | 
| 
| 
1 
% 
| 
| 
| 

2s 
— 
<25 50 on 
5-1 
100-125 
50-75 00- 
125-1 
75-100 
100-125 50- 
125-150 
25 
225 250- 
200-; 
225-250 
| 
>300 
250-275 4 
: 
>300 
| 
a 
| | 
| 
2 
if 

: 


14B and 15B. In the Gulf of Alaska, the 
surveys and fishery agree that Portlock 
Bank and Davidson Bank are important 
fishing grounds for northern rockfish. 
Agreement is less certain, however, for 
the three remaining fishing grounds: 
Shumagin Bank, the Snakehead, and 
Albatross Bank. Several large catches 
in the surveys did occur within the latter 
three areas, but not enough to especially 
identify them as major areas of northern 
rockfish abundance. In particular, the 
Snakehead, which was the most impor- 
tant ground in the fishery, does not stand 
out in the survey catches. Furthermore, 
there is one area of high catches in the 
survey at the mouth of Shelikof Trough 
that had virtually no large fishery catches 
(compare Fig. 14B with Fig. 5B). 

In the Aleutian Islands, a comparison 
between major fishing grounds in the 
fishery and large catches in the surveys 
also shows both similarities and differ- 
ences (Fig. 15B). The fishery and survey 
data especially agree that Petrel Bank is 
an important area of northern rockfish 
abundance. To a lesser extent, there is 
also agreement that Tahoma Reef, Buldir 
Reef, Sturdevant Rock, and areas south of 
Amchitka Island and around Amlia Island 
are all localities of abundance. The survey 
data, however, does not show the large 
catches that were seen in the fishery for 
Ingenstrem Rocks, Buldir Island, the area 
southwest of Amchitka Island, Delarof 
Island, and Seguam Pass. In contrast, 
the surveys did show one location of 
abundance, Stalemate Bank, that was not 
evident from the fishery data. 

Two factors may at least partially ex- 
plain why the survey data did not always 
agree with the fishery data as to which 
fishing grounds are most important for 
northern rockfish: 

1) The design of bottom trawls used in 
the fishery is considerably different than 
those used in the surveys. The fishery 
nets are of a relatively recent design that 
has been customized for catching large 
of amounts rockfish, and are generally of 
heavy-duty construction with “tire gear” 
on the footrope for towing over rough 
bottom. The survey nets have also been 
constructed for catching rockfish, but are 
an older design that does not use tire gear; 
they are also scaled down in size and 
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Figure 14.— Location of hauls that caught northern rockfish in NMFS bottom trawl 
surveys of the Gulf of Alaska, 1984-99. A: All hauls that caught northern rockfish; 
B: Hauls with a CPUE for northern rockfish of 5,000 kg/km2. Also, the commercial 
fishing grounds for northern rockfish shown in Figure 5B have been superimposed 


on this plot. 


weight so that relatively small trawlers 
chartered for the surveys are able to tow 
them. Consequently, the fishery nets are 
presumably more effective in catching 
rockfish over rougher substrates. If the 
preferred habitat of northern rockfish is 
rougher bottom (some evidence for this 
will be discussed later in this report), the 
survey nets, because of their lighter con- 
struction and lack of tire gear, would have 
more difficulty sampling this environ- 
ment. Moreover, at many locations with 
very rough or steep bottoms, the survey 
nets cannot be fished at all, and these 
locations have remained unfished in the 
surveys. One possibie hypothesis, there- 
fore, would be that some locations within 


the boundaries of the fishing grounds 
may not be trawlable by the survey nets, 
and this could explain why the survey 
showed relatively few large catches at 
several of the grounds. However, when a 
comparison is made between Figure 14A 
(all catches of northern rockfish) and 
Figure 14B (large catches with fishing 
grounds superimposed) for an area such 
as the Snakehead, it is apparent that many 
survey hauls were successfully made 
within the Snakehead. Hence, the reason 
for the surveys having so few large catch- 
es in the Snakehead does not appear to be 
a simple inability to trawl this area due 
to the design of the survey’s nets; other 
factors (particularly the one described 
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Figure 15.— Location of hauls that caught northern rockfish in NMFS bottom trawl 
surveys of the Aleutian Islands, 1980-97. A: All hauls that caught northern rockfish; 
B: Hauls with a CPUE for northern rockfish of >5,000 kg/km. Also, the commercial 
fishing grounds for northern rockfish shown in Figure 6B have been superimposed 


on this plot. 


in the next paragraph) are likely more 
responsible for the survey’s relatively 
low catch rates at this locality. 

2) Commercial fishermen specifically 
search for and target large concentra- 
tions of northern rockfish, whereas haul 
locations in the surveys are selected ran- 
domly. When a fisherman finds a concen- 
tration of fish, he will repeatedly trawl at 
that vicinity as long as catches are good. 
However, when the surveys encounter a 
large catch, fishing is not continued at 
these localities; instead, the survey vessel 
moves on to the next random station, 
which may be many kilometers away. As 
a result of these different fishing strate- 
gies, the fishery would likely complete 


a much greater proportion of hauls with 
large catches at the fishing grounds than 
would the surveys. 

The reason the surveys showed large 
catches of northern rockfish at the mouth 
of Shelikof Trough, whereas the fishery 
did not, cannot be easily explained. The 
fishery effort at this locality was relatively 
sparse in comparison to the large effort 
at the five major Gulf of Alaska fishing 
grounds, which may partially account 
for the scarcity of large fishery catches 
at Shelikof Trough. Still, enough hauls 
were made by the fishery at this locality 
(see Fig. 5A) that one would expect to 
find at least some large catches, based on 
the number of large catches seen here in 


the surveys. The surveys suggest that this 
area near the mouth of Shelikof Trough 
probably is a major area of northern rock- 
fish concentration in the Gulf of Alaska, 
in addition to the five fishing grounds 
that were identified from the fishery data. 
Furthermore, it is interesting to note that 
examination of nautical charts for this site 
at the mouth of Shelikof Trough shows 
that its physical characteristics are very 
similar to those of the fishing grounds: the 
locality is an offshore bank of relatively 
shallow water which is surrounded by 
deeper depths. 

Stalemate Bank was the only local- 
ity in the Aleutian Islands where large 
catches of northern rockfish were found 
in the surveys but not in the fishery. This 
difference is explained by the extremely 
low effort in this area by the fishery. Only 
two fishery hauls were found here that 
reported any catch of northern rockfish 
(Fig. 6A). Stalemate Bank is situated 
at the far western end of the Aleutian 
Islands, and the added expense of travel- 
ing to this isolated locality has probably 
deterred most fishermen from operating 
here. Stalemate Bank, however, definitely 
fits the geographic and physical pattern 
of so many of the other important fishing 
grounds, as it is far from land, surrounded 
by very deep water, and contains a sub- 
stantial area of depth between 60 and 170 
m, which corresponds to the preferred 
depths for northern rockfish found at the 
other grounds. 


Substrate Preference 
for Northern Rockfish 


Anecdotal observations from com- 
mercial fishermen and from scientists on 
trawl surveys indicate that northern rock- 
fish are often caught in association with 
hard or rough substrates. To investigate 
the possibility that northern rockfish have 
a preference for rough substrates, we 
examined data on trawl performance of 
individual survey hauls to indirectly infer 
information on substrate type. (Actual 
data on substrate type were not collected 
for any hauls in the trawl surveys.) Of 
the 20 hauls in the Gulf of Alaska with 
the highest CPUE for northern rockfish, 
5 (25%) were assigned a performance 
code of “unsatisfactory” in the database 
because the net hung up on the bottom 
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and/or was damaged. This compares with 
a total of only 5.7% that were assigned 
an unsatisfactory code for all hauls with 
any northern rockfish catch. In particular, 
three of the top four hauls in terms of 
CPUE were unsatisfactory tows in which 
the net hung up severely on the bottom. 
Such hang-ups are nearly always an 
indication of a hard, rocky, and/or steep 
bottom. The performance data, therefore, 
suggest that at least some large catches of 
northern rockfish appear to be associated 
with hard substrates. 

Performance data from the trawl 
surveys in the Aleutian Islands are more 
equivocal in regards to large catches of 
northern rockfish being associated with 
rough substrate. Similar to the Gulf of 
Alaska, the haul with the highest northern 
rockfish CPUE of any in the Aleutian 
surveys was an “unsatisfactory” tow 
in which the net severely hung on the 
bottom. However, this was the only un- 
satisfactory haul among the top twenty 
tows in terms of CPUE. Overall, 3.3% 
of the survey hauls in this region that had 
catches of northern rockfish were rated 
as unsatisfactory because of hang-ups or 
net damage. 

Although strong evidence was not ap- 
parent in the Aleutian Islands surveys of 
a northern rockfish association with hard 
substrate, the nature of the fishery in this 
region suggests that a relationship does 
exist between northern rockfish and hard 
substrates. As discussed previously in this 
paper, most of the northern rockfish catch 
in the Aleutian Islands has been taken 
as bycatch in the Atka mackerel fishery. 
This fishery is known to occur primarily 
over rocky, uneven bottom (NPFMC, 
1998), and the northern rockfish caught 
in this fishery are presumably also taken 
in this habitat. 


Size Composition of 
Northern Rockfish in Surveys 


In each survey, length frequency data 
were collected for northern rockfish in 
individual hauls, and these data were 
later expanded over the entire survey area 
and weighted by the estimated popula- 
tion size to yield estimated population 
size compositions. Wakabayashi et al. 
(1985) provide a detailed explanation of 
the computations used in this procedure. 
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Figure 16.—Estimated population size compositions for northern rockfish in the 
Gulf of Alaska and Aleutian Islands, based on NMFS bottom trawl surveys in each 
region. Gulf of Alaska size compositions are from combined results of the 1993, 
1996, and 1999 surveys; Aleutian Islands size compositions are from combined 
results of the 1991, 1994, and 1997 surveys. 


Figure 16 shows a comparison for the 
size composition of northern rockfish 
between the Gulf of Alaska and Aleu- 
tian Islands surveys. This comparison is 
only for the last three surveys combined 
in each region because valid popula- 
tion size composition information is 
not available for the Aleutian surveys 
before 1991. The figure clearly shows 
that average length of northern rockfish 
is significantly greater in the Gulf of 
Alaska. Overall mean population length 
in the Gulf of Alaska was estimated to 
be 37.2 cm, as compared to only 29.9 
cm in the Aleutian Islands. Virtually 
none of the population in the Aleutians 
Islands was greater than 40 cm in length, 
whereas about 26% of the Gulf of Alaska 
population was in this size category. 
These results are very similar to those 
presented earlier for size of fish taken 
in the commercial fishery, which also 
showed substantially larger fish were 
caught in the Gulf of Alaska. 
Population size compositions for 
individual surveys in the Gulf of Alaska 
(Fig. 17) indicate that, in general, the 
surveys have taken relatively few small 
northern rockfish. Fish less than 30 cm 
in length were rarely caught in the last 
three surveys, and fish this size were also 


relatively sparse in the 1987 and 1990 
surveys. Only the 1984 survey showed a 
substantial portion of the sampled popu- 
lation to be less than 30 cm in length. This 
lack of small fish in the surveys may be 
an indication that recruitment of young 
northern rockfish is a relatively uncom- 
mon event; alternatively, it may indicate 
that young fish reside in a habitat that is 
not effectively sampled by the survey’s 
trawls. 

Length frequency distributions of 
northern rockfish that were sexed in the 
surveys show that females averaged 1.3 
and 1.7 cm larger than males in the Gulf 
of Alaska and the Aleutian Islands, re- 
spectively (Fig. 18). 7-tests showed these 
differences were both highly significant 
(Gulf of Alaska, P< 0.0001, t=7.31, df= 
29,334; Aleutian Islands, P < 0.0001, ¢ 
= 9.96, df = 32,259). These results are 
similar to those presented earlier for the 
Gulf of Alaska fishery data, which like- 
wise indicated females were larger than 
males. Studies of most other Sebastes 
species have also shown that average 
length of females is greater than that 
of males (Lenarz and Wyllie Echever- 
ria, 1991) probably because there is an 
evolutionary advantage for females to be 
larger and produce more eggs. 
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Figure 17.—Estimated population size compositions for northern rockfish in the 
Gulf of Alaska, based on NMFS bottom trawl surveys. 


Maximum Length of 
Northern Rockfish in Surveys 


Previous publications that are com- 
monly used to identify rockfish in Alaska 
(e.g. Eschmeyer et al., 1983; Kramer and 
O’Connell, 1995; Orr et al., 2000; Meck- 
lenburg et al., 2002) all list maximum 
length for northern rockfish as ranging 
from 38 to 41 cm FL, depending on the 
publication. This maximum length is er- 
roneous for the Gulf of Alaska, as shown 
by the population size compositions for 
this region in Figure 16. Many individu- 
als in the Gulf of Alaska surveys have 
measured between 40 and 45 cm FL. 
The maximum fork length observed for 
northern rockfish in all the Gulf of Alaska 
surveys was 48 cm, and, as previously 
mentioned, 26% of the estimated popu- 
lation for the combined 1991, 1994, and 
1997 surveys was greater than 40 cm FL. 
Individual northern rockfish greater than 
40 cm FL are also relatively common in 
the Gulf of Alaska commercial fishery 
(Fig. 9). 


Locations and Depths 
of Juvenile Northern 
Rockfish in Surveys 


Although small northern rockfish were 
only taken infrequently in the surveys, 
those that were caught provide some 


information as to where juveniles of this 
species may be found. A GIS plot of hauls 
in the Gulf of Alaska where small (<25 
cm FL) juvenile northern rockfish were 
caught shows that fish of this size were 
taken at many locations on the continental 
shelf (Fig. 19). In contrast to Figure 14A, 
which shows locations of all hauls that 
caught northern rockfish, the hauls that 
reported catches of these small fish tend to 
be more inshore and not as concentrated 
on the outer continental shelf. To identify 
locations where juvenile northern rockfish 
were especially abundant, Figure 19 also 
shows hauls in which 20 or more small 
fish (<25 cm FL) were measured. The plot 
indicates that relatively few hauls met this 
criterion, and is additional evidence that 
juvenile northern rockfish have generally 
not been well sampled in the surveys. It 
does show, however, that locations in the 
surveys where small fish were caught 
in larger numbers tend to be distributed 
across the continental shelf and are not 
particularly concentrated on the outer 
shelf, as are adults. This tendency of small 
fish to be found more inshore than larger 
adults is also illustrated in Figure 20. 
This plot shows that catches of large 
adult fish (mean fork length [35 cm) are 
usually located on the outer continental 
shelf, whereas hauls in which smaller fish 


(mean fork length <30 cm) predominate 
are mostly located at more inshore locali- 
ties throughout the shelf. 

We also investigated the relationship 
between size of northern rockfish and 
depth of capture in the Gulf of Alaska 
surveys (Fig. 21). As might be expected 
given the more inshore distribution of 
smaller fish described in the previous 
paragraph, hauls in which the mean 
length of northern rockfish was less than 
about 28 cm FL were mostly found at 
relatively shallow depths less than 100 
m. In contrast, hauls in which the mean 
fork length was greater than about 30 cm 
were located at a wide range of depths 
from around 70 to 300 m. This general 
bathymetric cline in size is also typical 
of other Sebastes species inhabiting the 
continental shelf and slope of the Gulf 
of Alaska (Major and Shippen, 1970; 
Martin and Clausen, 1995; Martin, 1997; 
Britt and Martin, 2001). In summary, 
the Gulf of Alaska surveys indicate that 
juvenile northern rockfish are generally 
found more inshore and at shallower 
depths than are larger adult fish. 

To examine the distribution of juvenile 
northern rockfish in the Aleutian Islands 
surveys, we made a series of GIS plots 
and a depth graph analogous to those for 
the Gulf of Alaska surveys (Fig. 22-23, 
Fig. 21). (Because of the smaller size of 
northern rockfish in the Aleutian Islands, 
we chose to plot hauls with a mean 
northern rockfish length <25 cm FL and 
those with a mean length 230 cm FL in 
Figure 23, instead of <30 cm FL and 235 
cm FL as was done for the Gulf of Alaska 
in Figure 20.) 

In contrast to the Gulf of Alaska data, 
the Aleutian Islands surveys do not show 
much difference in geographic distribu- 
tion between juvenile and adult northern 
rockfish. Figure 22 shows that small (<25 
cm FL) juvenile northern rockfish have 
been taken in at least small amounts at 
many locations throughout the Aleutian 
Islands, but that larger numbers of juve- 
niles have only been caught infrequently 
in the surveys. 

A comparison between Figure 22 
and Figure I5A (Figure 15A shows 
all catches of northern rockfish in the 
surveys) indicates that smaller northern 
rockfish do not have a noticeably differ- 
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ent pattern of distribution than the overall 
ulation. This is further demonstrated 

ig i 23, which shows that con- Gulf of Alaska a 

centrations of small and large northern ila 

rockfish appear to mostly overlap in their Mean male length = 33.0 cm 

distributions. Finally, the depth versus Mean female length = 34.3 cm 

length graph for the Aleutian Islands in 

Figure 21 also does not indicate much ” 

difference in depth distribution between 

hauls with small or large fish. 

The reason that smaller northern 
rockfish had a different distribution than 
larger fish in the Gulf of Alaska, but did 
not in the Aleutian Islands, may be related 
to the distinct bathymetric characteristics 
of each region. The Aleutian Islands do 
not have the broad continental shelf found 
in the Gulf of Alaska; instead, at most 
places in the Aleutian Islands, the bottom 
drops steeply from the shore to very deep 
depths in just a short distance. Because i —e*— Males 
of the limited amount of shallow-water Aleutian Islands -- @--Females 
habitat in the Aleutian Islands, it may be a 
necessary for juvenile northern rockfish 
to live in closer proximity to adult fish 
than is the case in the Gulf of Alaska. N = 13,849 males 
N = 18,412 females 


Mean male length = 29.1 cm 
Mean female length = 30.8 cm 


Sex Ratio of Northern 
Rockfish in Surveys 


Sex was determined in the surveys 
for nearly all the northern rockfish that 
were sampled for length frequencies. Sex 
compositions in the surveys indicate that 
the sex ratio was nearly equal in the Gulf 
of Alaska, but females predominated in 
the Aleutian Islands (Table 13). For all 
years combined in the Gulf of Alaska, 
49.2% of the fish sampled were males, 
and 50.8% were females. There was some 
variation in the sex ratios between indi- Figure 18.— Length frequency distribution, by sex, of northern rockfish measured in 
vidual surveys in this region, however, NMFS bottom trawl surveys in the Gulf of Alaska and Aleutian Islands, 1980-99. 
with females ranging from 58% in 1984 
to 45% in 1999. For all years combined 
in the Aleutian Islands, males comprised Table 13.—Sex composition of northern rockfish sampled in NMFS bottom trawl surveys of the Gulf of Alaska and 
42.9% and females 57.1% of all northern Aleutian Islands, 1980-99. 
rockfish sampled. The predominance of Gulf of Alaska surveys Aleutian Island surveys 
females was consistent in all the Aleutian No. sexed % male % female Year No. sexed % male % female 
Islands surveys. 

- 4,312 A 58.2 1980 1,539 42.6 57.4 

To analyze whether the sex ratios for 8.188 51.5 1983 6.535 423 57.7 
all years combined in each region were 3,488 46.2 1986 5,881 472 52.8 

5,306 49.6 1991 4,853 45.2 54.8 
significantly different from 50:50, we 4.449 521 1994 6.250 38.4 616 
used the same statistical procedure as 3,593 44.8 1997 7,461 42.2 57.8 

. 29,336 ] 50.8 Total 32,519 42.9 57.1 
we used previously for the pooled sex 
ratio data in the Gulf of Alaska fishery, 
replicated tests of goodness of fit (Sokal indicated that the sex ratio differed sig- | Alaska and the Aleutian Islands (Gulf of 
and Rohif, 1969). Results of these tests _ nificantly from 50:50 in both the Gulf of | Alaska: chi-square = 10.8; df = 1; P< 
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Figure 19.— Location of hauls in which small ($25 cm FL) juvenile northern rock- 
fish were measured in NMFS bottom trawl surveys of the Gulf of Alaska, 1984-99. 
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Figure 20.— Comparison of haul locations for small vs. large northern rockfish in 
NMFS bottom trawl surveys of the Gulf of Alaska, 1984—99. Hauls with “small” 
northern rockfish are those in which mean fork length was <30 cm; hauls with 


“large” northern rockfish are those in which mean fork length was 235 cm (plot only 


includes hauls in which >20 northern rockfish were measured). 


0.01; Aleutian Islands: chi-square = 
664.6; df = 1; P< 0.0001). Thus, in both 
regions, there appeared to be significantly 
more females in the population. 

A comparison between the fishery and 
survey data for overall sex ratio in the 
Gulf of Alaska indicates that the fishery 
data also showed a significantly higher 
percentage of females (see previous 
section “Sex Ratio of Fish Caught in the 
Gulf of Alaska Fishery”). These statisti- 
cal significances for the Gulf of Alaska, 
however, may not be of much biological 
importance. For each data source, the 


pooled sex ratio for all years combined 
was reasonably uniform (male/female 
ratios were 48:52 and 49:51 in the 
fishery and surveys, respectively), and 
the fact that females were significantly 
more abundant in our analysis may be 
a reflection mainly of the large sample 
size of fish that were sexed in both the 
fishery and the surveys. Other species 
of Sebastes have also been reported to 
have an overall sex ratio of 50:50. For 
example, Major and Shippen (1970) con- 
cluded that for Pacific ocean perch, “sex 
ratio, although it varies considerably with 


time of year and from sample to sample, 
probably is 1:1”. 

Our results for the Aleutian Islands 
surveys, however, were different in that 
they showed a clear predominance of 
female northern rockfish in this region. 
The reason for this difference is un- 
known. 

The same methods we used previously 
to analyze sex ratios in the Gulf of Alaska 
fishery were also used to examine the 
sex composition of northern rockfish 
in individual survey hauls. Again, we 
selected only those hauls in which sex 
was determined for at least 40 northern 
rockfish. A considerable number of 
hauls differed substantially from a 50:50 
sex ratio (Fig. 24). For example, in the 
Gulf of Alaska, there were nine hauls in 
which females comprised <20%, and in 
the Aleutian Islands, the catch in eleven 
hauls was 85% or more females. Rep- 
licated tests of goodness of fit among 
hauls indicated heterogeneity of sex 
ratios among hauls was highly significant 
in both regions (Gulf of Alaska: chi- 
square = 3,195.8; df = 198; P <0.0001; 
Aleutian Islands: chi-square = 3,289.8.; 
df = 200; P < 0.0001). Despite this very 
high heterogeneity, chi-square tests for 
individual hauls showed that 37% of 
the hauls in both the Gulf of Alaska and 
Aleutian Islands had a sex ratio that was 
not significantly different than 50:50. We 
conclude that during the summer months 
(when the surveys were conducted), the 
sex ratio of northern rockfish is highly 
dependent upon the specific location that 
is sampled, and that some degree of local- 
ized aggregation by sex often occurs. 


Age and Growth of 
Northern Rockfish Based 
on Survey Samples 


Ages have been determined for north- 
ern rockfish sampled in five of the sur- 
veys in the Gulf of Alaska and three in 
the Aleutian Islands (Table 14). In each 
of these surveys, otolith pairs were col- 
lected from a subsample of male and 
female northern rockfish in selected 
hauls, usually those with a large catch 
of this species. Generally, about 10-30 
fish of each sex were sampled per haul, 
although sometimes fewer were sampled. 
Attempts were made to disperse the 
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sampled hauls over the survey area so 
the samples were not concentrated in one Gulf of Alaska 
locality. All ages were determined for the 
otoliths by the “break-and-burn” method 
(Beamish, 1979). 

Similar to aging studies of most other 
rockfish species (Archibald et al., 1981; 
Pearson et al., 1991; Bechtol, 2000), there 
was a large variation in length-at-age 
amongst individual fish (Fig. 25). The 
maximum age of northern rockfish was 
44 years in the Gulf of Alaska and 72 
years in the Aleutian Islands (Table 14). 
Based on these results, we computed von 
Bertalanffy growth parameters for males, 
females, and sexes combined for both the 
Gulf of Alaska and the Aleutian Islands 
(Table 15). 

The growth curves based on these pa- 
rameters indicate that growth of northern 
rockfish in the Gulf of Alaska is con- Aleutian Islands 
siderably different than in the Aleutian 
Islands (Fig. 26). Gulf of Alaska fish of 
both sexes appear to grow faster when 
young and reach a larger maximum size. 
To test the significance of this apparent 
regional difference in growth, and to 
also test possible differences in growth 
by sex, we used the F-test procedure in 
Quinn and Deriso (1999). This procedure 
tests whether a “full” model with separate 
growth parameters for each data set is 
significantly different from the “reduced” 
model with common parameters among 
data sets. The F-statistic is 
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Figure 21.— Depth vs. length relationship for northern rockfish in NMFS bottom 
where RSS. is the residual sums of trawl surveys of the Gulf of Alaska and Aleutian Islands, 1980-99 (plot only includes 
J. : hauls in which >20 northern rockfish were measured). 

squares for fitting a reduced model, RSS, 
is the residual sums of squares of fitting 
the full model, Sy is the degrees of free- Table 14.—Summary of northern rockfish age samples from NMFS bottom trawi surveys in the Gulf of Alaska and 
dom for the reduced model, and f, is the __ Aleutian Isiands that were analyzed in this report. 
de Tees of freedom for the full model, and Region No. of hauls Total no. of No. of No. of 
6. is the residual mean square. If there and year sampled fish aged males aged females aged Min. age Max. age 
are R data sets, p parameters, and n data — quit of Alaska 
points, then f,=n—Rp,f,=n—p, and O= 1984 356 175 181 43 

262 44 
RSS, /f,. The F-statistic is compared 237 33 
to the F_. (f —f, f., @). Results of the 1993 354 173 181 40 

crit Vy v 4 

nificant (P <0.001) differences in growth Aleutian Islands 
between regions and sexes (Table 15). {358 
For the data pooled among sexes, the es- —_—_1997 630 301 329 
timated asymptotic size (L,,) was 39.2cem = 
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Figure 22.— Location of hauls in which small (<25 cm FL) juvenile northern rock- 
fish were measured in NMFS bottom trawl surveys of the Aleutian Islands, 1980- 
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Figure 23.— Comparison of haul locations for small vs. large northern rockfish in 
NMFS bottom trawl surveys of the Aleutian Islands, 1980-97. Hauls with “small” 
northern rockfish are those in which mean fork length was <25 cm; hauls with 
“large” northern rockfish are those in which mean fork length was 230 cm (plot only 
includes hauls in which >20 northern rockfish were measured). 


in the Gulf of Alaska and only 33.7 cm 
in the Aleutian Islands. Females in both 
areas had a larger asymptotic size than 
males with divergence in size at about 
age 10. The asymptotic size was 37.8 cm 
and 40.2 cm for Gulf of Alaska males and 
females, respectively, and 32.6 cm and 
34.5 cm for Aleutian Islands males and 
females, respectively. 


Summary and Conclusions 


In this report, we analyzed data from 
the U.S. commercial fishery (collected by 


observers) and from AFSC bottom trawl 
surveys to describe the fishery for north- 
ern rockfish in Alaska and to provide in- 
formation on distribution and biology of 
northern rockfish. Although the amount 
of northern rockfish catch in both the Gulf 
of Alaska and the Aleutian Islands has 
been similar in recent years, the fishery 
in each region is very different. 

In the Gulf of Alaska, most of the catch 
is taken in a directed fishery for northern 
rockfish in which the catch is retained 
for processing and subsequent sale. In 


the Aleutian Islands, however, the catch 
predominantly comes as bycatch in the 
Atka mackerel fishery, and most northern 
rockfish are discarded. 

In both regions, nearly all the catch 
is the result of bottom trawling. In the 
Aleutian Islands, this trawl catch has been 
exclusively taken by factory-trawlers. 
Factory-trawlers have also predominated 
in the Gulf of Alaska fishery, but since 
1996, smaller shore-based trawlers oper- 
ating from the port of Kodiak have also 
taken a substantial portion of the catch. 
Commercial catch of northern rockfish in 
the eastern Bering Sea has generally been 
insignificant compared to that in the Gulf 
of Alaska and Aleutian Islands, especially 
in recent years. 

The fishery and survey data provide 
much information on the geographic 
distribution of adult northern rockfish. 
Adults in the Gulf of Alaska, and to a 
lesser degree also in the Aleutian Islands, 
are mostly found on relatively shallow, 
offshore banks of the outer continental 
shelf that are relatively small in size. 
The major fishing grounds in the Gulf of 
Alaska correspond to five of these banks 
that together accounted for an estimated 
89% of the Gulfwide catch of northern 
rockfish in the years 1990-98: Portlock 
Bank, Albatross Bank, the Snakehead, 
Shumagin Bank, and Davidson Bank. Of 
these, the Snakehead has been the most 
important and has yielded nearly 46% 
of the catch during these years. Survey 
data indicate that one other bank at the 
mouth of Shelikof Trough is also an area 
of northern rockfish abundance, but for 
unknown reasons little commercial catch 
has been taken at this site. These banks 
are all characterized by their offshore 
locations near the start of the continen- 
tal slope, relatively shallow depths of 
75-150 m, and the fact that they are rises 
or humps surrounded by deeper water. 

Of the 11 major fishing grounds for 
northern rockfish identified in the Aleu- 
tian Islands, several are also offshore 
banks similar to those in the Gulf of 
Alaska. These include Seguam Pass, 
Petrel Bank, and Tahoma Reef. Other 
fishing grounds in the Aleutian Islands 
are closer to shore and are not rises or 
humps, and therefore differ from the 
Gulf grounds in terms of their physi- 
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cal characteristics. Combined, these 11 
grounds produced an estimated 84% of 
the northern rockfish catch in the Aleu- 
tians Islands during the period 1990-98. 
Depths of northern rockfish catches on 
fishing grounds in the Aleutian Islands 
are slightly deeper than in the Gulf, and 
range from 75 to 175 m. One other area 
of northern rockfish abundance was 
found in the Aleutian surveys but not 
in the fishery: Stalemate Bank at the far 
western end of the Aleutian chain. For the 
relatively small catch of northern rock- 
fish in the eastern Bering Sea, only one 
important fishing ground was identified, 
near Southeast Zhemchug Canyon. 

In addition to these geographic prefer- 
ences for northern rockfish, other indica- 
tions of their preferred adult habitat can 
be inferred from fishery and survey data. 
The fishery data suggest that adult north- 
ern rockfish are mostly demersal in their 
distribution, as virtually all the catch has 
been taken by bottom trawls fished on or 
near the bottom, and very few fish have 
been caught in mid-water or by pelagic 
trawls. The survey data for the Gulf of 
Alaska suggest that large catches of 
northern rockfish may be associated with 
rocky and steep habitats. Further evidence 
of a rocky habitat for northern rockfish 
comes from the fact that these fish in 
the Aleutian Islands are predominantly 
caught as bycatch in the fishery for Atka 
mackerel, which takes place mostly over 
rough bottoms. Additional research is 
needed, however, to definitively confirm 
that northern rockfish prefer a demersal, 
rocky bottom habitat. 

Although the fishery and survey data 
generally agree regarding the geographic 
distribution and abundance of northern 
rockfish, there are some discrepancies 
between the two data sources as to the 
specific localities of abundance. Alba- 
tross Bank, Shumagin Bank, and espe- 
cially the Snakehead were identified as 
major grounds for northern rockfish in 
the Gulf of Alaska fishery, but relatively 
few large catches were found there in the 
surveys. Similarly, several of the fishing 
grounds found in the Aleutian Islands did 
not show abundant catches of northern 
rockfish in the surveys. 

Regarding these discrepancies, it 
is likely the fishery data in general 
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N = 199 total hauls 
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N = 201 total hauls 


Aleutian Islands Surveys 


Percent of fish in a haul that were female 


Figure 24.—Sex composition of northern rockfish in individual hauls of NMFS 
bottom trawl surveys of the Gulf of Alaska and Aleutian Islands, 1980-1999. Hauls 
include only those in which sex was determined for 240 northern rockfish. 


show a more accurate picture of where 
northern rockfish are most abundant. 
The number of hauls with catches of 
northern rockfish is much larger in the 
fishery data, the commercial trawl gear 
is stronger and more modern in design 
than the gear in the surveys and is there- 
fore more effective at catching rockfish, 
and commercial fishermen especially 
seek out locations of northern rockfish 
abundance. The surveys, however, did 
show two locations of northern rockfish 


abundance that were not evident in the 
fishery. 

The survey data indicate that small, 
juvenile northern rockfish in the Gulf 
of Alaska tend to live more inshore and 
at shallower depths than adults. In the 
Aleutian Islands surveys, there appeared 
to be little difference in the distribution 
of juveniles and adults. However, catches 
of juveniles in the surveys of both re- 
gions were generally sparse, and studies 
specifically directed toward young fish 
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data. In contrast, females in the Aleutian 
te an there indicated a female/male ratio of 
il 30 57:43. Why the sex ratios were so dif- 
il ferent in each region is unknown. Sex 
fF Gulf of Alaska males Gulf of Alaska females ratios in individual hauls of surveys in 
: both regions often differed significantly 
from 50:50, which indicates some degree 
of aggregation by sex at certain localities 

and/or times. 
Both the fishery and the surveys show 
that northern rockfish are significantly 


Fork length (cm) 


Aleutian Islands, and that females are 
significantly larger than males in each 
Aleutian Islands males Aleutian Islands females region. The small size of northern rock- 
s fish in the Aleutian Islands has likely 
been a major cause of the high discard 
rate for these fish in this region’s fishery. 
This size difference between the two 
regions was further confirmed by our 
Alaska 987, 1990, 1993, and 1996 Gulf of Alaska fish grew significantly 
Islands results are from the 1986, 1994, and 1997 surveys. Each data point repre- faster and reached a larger maximum 
sents the length and age of an individual fish. Where more than one fish had the S1Ze. 
same length and age, data points have been plotted on top of each other and appear The large difference between the 
as a single point. Gulf of Alaska and Aleutian Islands in 
size and growth of northern rockfish 
suggests that separate populations 
may exist in each region. However, a 
preliminary genetics study of northern 
rockfish sampled from three locali- 
ties in Alaska waters (around Kodiak 
Island, the central Aleutian Islands, and 
the western Aleutian Islands) found no 
evidence of stock structure (Gharrett et 
al.*). Because of the limited scope of this 
- = = GOA males latter study, a more thorough genetic or 
——— GOA females morphometric study may be warranted 
Al males to determine if subpopulations of north- 
Al females ern rockfish occur in Alaska. 


Age (years) 
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Table 15.—Von Bertalanffy parameter estimates of non-linear least squares fit to northern rockfish age and length 
data, and F-tests for comparison of growth models by region and sex. Northern rockfish age and length data were 


based on the samples listed in Table 14. 


Gulf of Alaska 


Aleutian Islands 


Parameter Pooled' Male 


Female 


Pooled? Male Female Pooled? 


n 3,712 1,033 
36.3 37.8 

k 0.189 0.187 
ty 0.179 ~0.262 


1,075 
40.2 


0.152 
-0.870 


2,108 775 
39.2 32.6 
0.165 0.214 
0.636 0.100 


F-tests: By region 


Gulf of Alaska by sex 


Aleutian Islands by sex 


RSSy 5029826 
RSSx 3518465 
e? 949.4 
fy 3709 
3706 
530.6 
6.9E-287 


x 
F-statistic 


1572479 
1512591 
719.6 
2105 1601 
2102 1598 
27.7 13.0 
1.4E-17 2.2E-08 


1945986 
1899649 
1188.8 


' Pooled = Gulf of Alaska and Aleutian Islands data combined for both sexes. 


2 Pooled = male and female data combined. 
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Measuring Fishing Capacity and Utilization with Commonly 
Available Data: An Application to Alaska Fisheries 


RONALD G. FELTHOVEN, TERRY HIATT, and JOSEPH M. TERRY 


Introduction 


Current regulations limit the amount 
of time catcher vessels and catcher- 
processor vessels may fish, which often 
precludes vessels from operating at their 
full, productive capacity (Weninger and 
Strand, 2003). At present, it’s unclear 
what the level of catch would be if the 
existing fleet of vessels that operate in 
Federally managed Alaska fisheries were 
allowed to fish for longer periods of time 
during the year (under normal operating 
conditions).! A first step toward address- 
ing this question is to compare existing 
capacity to actual catch. A significant 
difference between the two indicates that 
there is likely more investment in the 
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Felthoven@noaa.gov. Views or opinions ex- 
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Marine Fisheries Service, NOAA. 


ABSTRACT— Due to a lack of data on 
vessel costs, earnings, and input use, many 
of the capacity assessment models devel- 
oped in the economics literature cannot be 
applied in U.S. fisheries. This incongruity 
between available data and model require- 
ments underscores the need for developing 
applicable methodologies. This paper pres- 
ents a means of assessing fishing capacity 
and utilization (for both vessels and fish 
stocks) with commonly available data, while 
avoiding some of the shortcomings associ- 
ated with competing “frontier” approaches 
(such as data envelopment analysis). 
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fishery than that which maximizes the net 
benefits to the nation, and it may signal 
the need for implementing measures to 
diminish or eliminate the incentives for, 
and presence of, excess capacity (FAO, 
1998). 

The process of estimating potential 
catch, in the presence of regulations, es- 
sentially requires one to examine past and 
present fishing activity to determine the 
extent to which current effort, and catch, 
could and/or would increase if existing 
conditions or regulations changed.* The 
capacity measures computed in this paper 
were constructed using data on catch (in 
metric tons, (t)), participation (in weeks), 
and vessel characteristics of catcher ves- 
sels and catcher-processor vessels that 


'Thus, the capacity estimates reflect what could 
be caught in all Alaska commercial fisheries 
(state and Federally managed) by Federal fishery 
participants; the capacity of vessels that partici- 
pated only in state fisheries was not estimated. 
As is the case in most fisheries, the capacity esti- 
mates are in terms of retained catch (not retained 
and discarded catch). 

2The incentives that often give rise to over invest- 
ment, and thus, excess capacity, are related to the 
restricted open-access management used in most 
fisheries and the associated race for fish (Kula, 
1992). 

3For example, one might want to know how much 
the existing fleet would catch, given existing 
stock levels, if all existing total allowable catch 
(TAC) limits were removed. Or, one might want 
to find the cost-minimizing or profit-maximizing 
level of catch associated with the existing fleet. 
There are several other capacity-related questions 
of interest, which, unfortunately, are often unan- 
swerable given the existing data. The estimates 
computed here essentially reflect what could by 
caught by existing boats, with current technolo- 
gies and stocks, if they fished the most number of 
weeks they have since 1990. An additional vari- 
ant, allowing vessels to fish as much as their peers 
have in certain fisheries, is also provided. The fol- 
lowing section provides more details. 


operated in Federally managed Alaska 
commercial fisheries from 1990 to 2001. 
In addition to computing the capacity 
estimates, we also illustrate how utiliza- 
tion of individual fisheries, total weeks 
of participation, and sizes of particular 
fleets have varied over the last decade. 
The specific data sources include Alaska 
Department of Fish and Game (ADFG) 
fish tickets, Federal blend data (which 
includes data from both observer reports 
and weekly production reports), ADFG 
vessel-registration files, and Federal 
vessel-registration files. 


Notions Underlying 
Capacity Measurement 


In addition to the current fishing regu- 
lations, there are technological and eco- 
nomic constraints that limit the amount of 
fish that fishermen are willing and able to 
catch. Generally speaking, technological 
constraints can be thought of as “physi- 
cal” limits on the maximum amount of 
fish that fishermen could catch (based on 
the gear used, the size and power of the 
vessel, the health of the stocks, weather, 
fishing skill, etc.). Economic constraints 
are those factors that affect fishermen’s 
decisions over how much effort to exert 
and which species to catch (i.e. costs of 
fuel, bait, and labor; opportunity costs 
of participating in other fisheries; and 
ex-vessel prices). 

Ideally, one could compute capac- 
ity measures that reflect the maximum 
amount of fish that could and would 
be caught by fishermen, given existing 
technological, biological, and economic 
constraints, if all regulatory restrictions 
governing catch were relaxed (NMFS, 
in press). Such measures would indicate 
the realistic “catching power” of the fleet, 
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and could then be compared to actual 
catch in order to gauge excess capacity 
(indicating the extent to which current 
production differs from an economically 
optimal level). 

Similarly, one could compare existing 
capacity to some optimal, desired level 
of capacity at the current stock condi- 
tions or another reference point (such 
as when stocks are rebuilt to levels cor- 
responding to maximum economic yield 
or maximum sustainable yield) to obtain 
a measure of overcapacity.* 

Unfortunately, both endeavors require 
a great deal of information, most of 
which is lacking for Federally managed 
Alaska fisheries (as well as in most other 
fisheries); measurement of overcapacity 
requires the most information (and specu- 
lation) and is thus impractical for nearly 
all fisheries with current data collection 
practices. Notably, there is a general 
absence of data on production costs and 
input use (Felthoven, 2002).° 

One approach that could be undertaken 
with the existing data is to construct 
“technical” capacity estimates using data 
envelopment analysis (DEA) or stochas- 
tic production frontier (SPF) models. 
Such analyses essentially focus on the 
maximum level of catch that vessels 
could obtain if they operated with full 
(and often heightened) technical efficien- 
cy and unrestricted use of variable inputs 
(Dupontet al., 2002). Typically, however, 
the maximum technical/physical level of 
catch exceeds that which would occur 
when economic factors (such as costs) 
are accounted for, and thus may overstate 
the amount that would be caught. For 
this reason, this paper does not derive 
technical capacity estimates. Rather, we 


4National Marine Fisheries Service. 2001. 
Report of the Expert Group on Fish Harvesting 
Capacity. Final report to the National Oceanic 
and Atmospheric Administration, Contract #40- 
AA-NF- 109717. 

°One promising area where data availability may 
markedly improve is in the Bering Sea and Aleu- 
tian Islands crab fisheries. In March 2004, Con- 
gress approved a rationalization plan for these 
fisheries that included a mandatory data collec- 
tion program. The program will collect vessel- 
and plant-level cost, earnings, and effort data. 
Therefore, it is likely that “economic” measures 
of capacity may be developed for these fisher- 
ies, which will aid in assessing the effects of the 
rationalization plan. 


attempt to purge the major constraints 
that limit fishing effort, while still ac- 
counting for the impacts of technological 
and economic constraints implicit in the 
data on catch and effort (another benefit 
of this approach is that we do not impute 
potential technical efficiency increases in 
the capacity estimates). 

Put another way, the observed effort 
and catch histories for Alaska fisheries 
are a result of the regulatory, technical, 
and economic constraints that have typi- 
cally existed. For example, catch levels 
reflect the relative prices paid for each 
target species, the technological trade- 
offs of catching one species instead of 
another, and bycatch caps that limit the 
catch of prohibited species (which are 
joint in the production technology due 
to imperfect gear selectivity (Larson et 
al., 1998)). 

The approach used to estimate current 
fishing capacity in this paper attempts 
to account for the decreases in effort, 
catch, and participation that have oc- 
curred over time due to decreases in the 
total allowable catch (TAC), which limit 
both catch and effort. While the capacity 
estimates still embody many of the spatial 
restrictions and bycatch constraints, they 
essentially reflect what would and could 
be caught by the fleet under normal op- 
erating conditions, given 2001 targeting 
strategies and the existing technical and 
economic constraints. 

It is too complex a task to successfully 
mimic the removal of all existing regula- 
tory constraints that limit catch, given the 
multitude of interactions and targeting 
strategies that arise in response to those 
regulations. In some cases, regulations 
for a species may generate direct regula- 
tory and indirect economic impacts (such 
as area closures that force vessels to travel 
further out to sea) that can be very dif- 
ficult to disentangle. For these reasons, no 
attempt is made to purge such effects in 
this study. Similarly, we do not speculate 
what could be caught under stock levels 
larger than those observed during 1990 to 
2001. More detail on the exact procedures 
used in the process to estimate capacity 
will be provided later in the paper. 

There are wide ranges of fishing ac- 
tivities, vessel sizes, targeting strategies, 
and gear configurations in the various 


Federally managed Alaska fisheries. 
Generally speaking, however, groups 
can be established that are likely to share 
similar technological, economic, and 
regulatory (TAC’s, closures, seasonal 
delineation) constraints. In an attempt to 
establish such groups, vessel characteris- 
tics, fishery participation, and processing 
data (for catcher-processor vessels) were 
examined. As a result, 12 catcher vessel 
groups and 10 catcher-processor vessel 
groups were formed (hereafter referred to 
as “subgroups”’). Each of these subgroups 
is comprised of similarly equipped and 
similarly sized vessels that engage in a 
common set of fisheries (in the case of 
catcher-processor vessels, they also pro- 
duce a similar set of finished products). 
Such a grouping allows us to present 
the capacity estimates on a fleet-by-fleet 
basis, which more clearly elucidates the 
sources of fishing capacity. 

In addition, by categorizing the vessels 
into homogeneous subgroups one has a 
more realistic idea of what vessels in 
each subgroup could have caught, even 
for those vessels that have exhibited very 
little activity. This in part allows one 
to account for latency in the capacity 
estimates, although we make no other 
attempt to account for latent capacity of 
inactive vessels in our estimates, as our 
focus is on active participants. However, 
one could easily estimate the capacity of 
the latent vessels with techniques similar 
to those illustrated here. 

By focusing on the range of effort for 
a set of well defined, comparable peers, 
one can reasonably determine the effort 
levels that the less active vessels were ca- 
pable of exerting (if economic incentives 
arose that led them to do so). Although 
care was taken defining and refining the 
22 vessel subgroups designated in this 
paper, it is worth noting that the valid- 
ity of these types of peer comparisons 
can be compromised by unobserved 
heterogeneity among vessels in each 
subgroup (FAO, 1998). For this reason, 
the estimator C; avoids such comparisons 
(it is based solely on each vessel’s historic 
participation) and should be interpreted 
as the more conservative capacity es- 
timator. Alternatively, the estimator C; 
does involve comparisons among vessels 
within each subgroup, and thus it should 
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be interpreted more cautiously. Note, 
however, that in most cases the resulting 
estimates from the two estimators turned 
out to be quite similar, as illustrated 
by the tables at the end of this report. 
Further details on the estimators C; 
and C’ are given below. 


Formulation of 
Capacity Estimators 


There are several ways in which one 
could estimate the potential level of effort 
and catch of a fishing vessel, each of 
which could generate different estimates 
of capacity output. However, with the aim 
of providing realistic estimates of what 
could (and would) actually be caught, we 
base our analysis on each vessel’s histori- 
cal participation and effort in each of the 
Alaska commercial fisheries. 

Specifically, we compare the total 
number of weeks each vessel fished in 
2001 with the most weeks it fished over 
the 1990-2001 period (where 52 weeks 
is the greatest number of weeks each 
vessel could theoretically participate in a 
given year). If effort (in weeks) exceeded 
the 2001 effort in another year, it is as- 
sumed that the existing capacity of the 
vessel should be based upon that higher 
level of effort (which would instead be 
exerted upon the observed 2001 species 
composition). This process thus involves 
radially scaling up the observed 2001 
catch statistics by the ratio of maximum 
operating weeks for 1990-2001 to ob- 
served operating weeks in 2001. This 
approach thus assumes constant returns 
to scale and Leontief input-output sepa- 
rability (Chambers, 1988).° 

An issue that arises in basing the 
calculations on total annual effort is that 
one may generate participation levels 
in a specific fishery that are above any 
exhibited in the past. For example, if a 
vessel is now operating half as many total 
weeks as in a former year (and targets 


6Leontief output separability (i.e. that outputs 
move in fixed proportions) is also embodied in 
the capacity estimates generated by the com- 
monly employed multi-output DEA and SPF 
capacity estimating models (FAO, 1998). Input 
separability assumes that the inputs used in fish- 
ing may be characterized by a composite variable 
such as days or weeks fished—common in the 
fisheries literature (Squires and Kirkley, 1991). 


groundfish and crab), our approach would 
compute capacity as twice the size of the 
observed 2001 catch levels for groundfish 
and crab. If, however, groundfish effort 
had remained relatively stable over time 
and the drop in annual operating time 
was solely attributable to diminished 
crab participation, the implied increase in 
groundfish effort would be unrealistic. 

We alleviate such potential problems 
by monitoring the total effort of each 
vessel within eight generally classified 
fisheries: groundfish (including wall- 
eye pollock, Theragra chalcogramma; 
Pacific cod, Gadus macrocephalus; 
Atka mackerel, Pleurogrammus monop- 
terygius; rockfish, Sebastolobus and 
Sebastes species; sablefish, Anoplopoma 
fimbria; flatfish, primarily Alaska plaice, 
or Pleuronectes quadrituberculatus; and 
“other groundfish”); Pacific herring, 
Clupea pallasi; Pacific halibut, Hip- 
poglossus stenolepis; Pacific salmon, 
Oncorhynchus spp.; crab (including red 
king crab, Paralithodes camtshaticus; 
golden king crab, Lithodes aequispinus; 
and Tanner/snow crab’, Chionoecetes 
opilio and C. bairdi); scallops, Patino- 
pectin caurinus; “other shellfish”, and 
“other species'°.” If the implied potential 
increase in total annual effort implies a 
number of weeks in any particular fishery 
that exceeds the most weeks historically 
fished by that vessel in that fishery, the 
radial scaling of effort is then limited to 
take on that vessel’s observed maximum 
for that fishery. 

This first estimator will be denoted 
as C; =6'Y;, where C’ is the capacity 


This group includes yellowfin sole, Limanda 
aspera; Greenland turbot, Reinhardtius hippo- 
glossoides; arrowtooth flounder, Atheresthes sto- 
mias; rock sole, Lepidopsetta bilineata; flathead 
sole, Hippoglossoides ellassodon; and Pacific 
Ocean perch, Sebastes alutus. 

8Blue king crab, Paralithodes platypus, was also 
broken out as a separate category when analyzing 
production for the period of 1990 to 2001. How- 
ever, because the vessels in this analysis caught 
no blue king crab in 2001, it is not represented in 
the capacity and capacity utilization estimates. 
°This group is made up of clams, Saxidomus 
giganteus, Spisula solidissima, Protothaca sta- 
minea; shrimp, Pandalus spp.; abalone, Hali- 
otos kamtschatkana; and other crab in the genus’ 
Lithodes, Paralithon, and Chionocetes. 

‘This group is made up of lingcod, Ophiodon 
elongates; eels, genus Anguilla; and infrequently 
caught forage species. 


of vessel j for species i, 6 is a scaling 
factor for vessel j in fishery k, and Y; 
is the observed output of vessel j for 
species i in 2001. The scaling factor 6 
indicates the amount by which observed 
output could be increased, and is given 
by: 


max. weeks } 


ing weeks, 

; = min4 
max. weeks 


weeks’ 


Here, max. weeks. is the maximum 
number of weeks spent fishing by vessel 
jinany year for 1990-2001, weeks, is the 
observed number of weeks spent fishing 
by vessel j in 2001, max.weeks* is the 
maximum number of weeks spent fishing 
by vessel j in fishery k for 1990-2001, 
and weeks * is the number of weeks spent 
fishing by vessel j in fishery k for 2001. 
Note that 0+ is fishery-specific, not spe- 
cies-specific, and that each k" fishery 
has a unique group of species i, i=1, ... 
I. For example, the groundfish fishery in- 
cludes seven species and the crab fishery 
includes four species (all other fisheries 
defined in this paper correspond to a 
single species or species “group’”’). 

If one broadens the scope of potential 
increases in an effort to incorporate in- 
formation from a vessel’s peers (i.e. their 
subgroup), a second, alternative capacity 
estimator can be generated. This estima- 
tor is formed by increasing each vessel’s 
effort (in weeks) to its greatest historical 
level (as with the first estimator), subject 
to the constraint that the resulting implied 
number of weeks spent in each fishery 
does not exceed the most weeks in that 
fishery by any vessel in its subgroup for 
1990-2001. This alternative formulation 
recognizes that the maximum historical 
weeks fished in a fishery by a vessel may 
not reflect the maximum level possible 
given the regulatory, technical, and eco- 
nomic constraints that are present. Rather, 
such a level may be better reflected by the 
maximum weeks fished in that fishery by 
another vessel in its subgroup. Thus, this 
second capacity estimator will generate 
estimates greater than or equal to the first 
estimator. 
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The second capacity estimator will be 
denoted as C’ = 6*Y’. The interpretation 
of the components of Ci is the same as for 
C', except that here, Ori is defined as: 


max. weeks j 
weeks 
max. weeks* 
weeks’ 


Thus, the ratio of 


max. weeks’ 


weeks} 
has been replaced with 


k 
max. weeks 
weeks} 


where max.weeks* is the maximum 
number of weeks spent fishing by any 
of the vessels in this subgroup in fishery 
k for 1990-2001. Due to confidentiality 
requirements, and the sheer number of 
vessels involved in the fishery, this paper 
will present the values of 


for each subgrouping of catcher vessels 
and catcher-processor vessels, where J= 
the number of vessels in each subgroup 
(the specific details of each subgroup are 
given below). 


Formulation of 
Capacity Utilization and 
Fishery Utilization Measures 


Typically, capacity utilization (CU) is 
defined as the ratio of observed output 
to capacity output (Morrison Paul, 
1999). Following this convention, we 
will present two CU measures for each 
vessel subgroup, based on the and 
capacity estimates for each species i. 
The first measure is defined as the ratio 
of observed catch by the vessel subgroup 


to capacity catch for the subgroup (where 
capacity is defined according to C;); 


The second measure is defined as the 
ratio of total observed catch by the vessel 
subgroup to the second formulation of 
capacity catch for the subgroup: 


Note that these aggregate subgroup- 
specific estimates of capacity utilization 
are in a sense catch-weighted, as vessels 
with a larger catch share of species i have 
a larger impact on the value of both CU' 
and CU’. It is worth noting again that 
these CU estimates embody the assump- 
tion that the 2001 catch composition 
for each vessel within each of the eight 
generally defined fisheries remains 
constant at capacity. Thus, the value of 
capacity for each species does not reflect 
what could or would be caught if all 
effort were exerted upon that particular 
species. 

Rather, capacity (and the associated 
CU measures) for each species represents 
an estimate of what could be caught if 
all vessels increased their effort (accord- 
ing to the capacity estimators described 
above) and targeted their observed 2001 
catch mix. This approach is thus more 
likely to generate realistic estimates of 
what could be caught within the bulk of 
Alaska fisheries by existing vessels. 

Because the species-specific CU mea- 
sures are not impacted by vessels that did 
not catch that particular species in 2001 
(as both observed output and capacity 
output would be zero under our present 
methodology), they do not provide infor- 
mation on changes in annual participa- 
tion. Instead, they indicate the intensity of 
effort, relative to past years, for those that 
are currently participating. Therefore, 
“fishery utilization” (FU) measures were 
constructed, which provide information 
on overall participation (in weeks), rela- 
tive to past years, even in the absence of 
activity in a fishery in 2001. 


PU Halibut, Scallop, 


Shellfish, Other em, are 
simply defined as the ratio of weeks 


each vessel spent in each fishery in 
2001 relative to the maximum ever 
observed for that vessel for 1990-2001 
(averages are presented for each vessel 
subgroup). Note that FU;,,, is the ratio 
of total weeks fished during the year in 
any activity in 2001 to the maximum 
number of total weeks fished during the 
year for 1990-2001. All other week- 
based FU measures reflect participation 
in individual fisheries (e.g. 
the ratio of the weeks a vessel spent in 
groundfish fisheries in 2001 to the most 
weeks it spent from 1990 to 2001 in 
groundfish fisheries). In summary, CU 
measures essentially represent vessel 
utilization by current fishery participants, 
while FU measures indicate the existing 
utilization of the fisheries, relative to 
past levels. 


Measures of Capacity, 
Utilization, and Participation 


The measures discussed and devel- 
oped above will be presented in Tables 
1 through 9 in various contexts. In some 
cases, measures will be expressed for 
the entire group of vessels in Feder- 
ally managed Alaska fisheries, while 
in other cases the measures will focus 
on subsets (such as catcher-processor 
vessels, catcher vessels, or subgroups 
within each of these fleets). In order to fit 
the identifier for each catcher-processor 
vessel and catcher vessel subgroup in 
the tables below, abbreviated names, as 
developed for the environmental impact 
statements for Alaska groundfish fisher- 
ies, are used. The abbreviations used to 
identify each subgroup are defined as 
follows: 


Catcher-Processor Vessels 


ST-CP (surimi trawler catcher-pro- 
cessor): these factory trawlers have 
the necessary equipment to produce 
surimi from walleye pollock and other 
groundfish. 


FT-CP (fillet trawler catcher-proces- 


sor): these trawl vessels have the 
equipment to produce fillets (from 
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walleye pollock, Pacific cod, and 
other groundfish), and are not surimi- 
capable according to past production 
records. 


HT-CP (headed and gutted trawler 
catcher-processor): these factory 
trawlers do not process more than in- 
cidental amounts of fillets. Generally, 
they are limited to headed and gutted 
products. In general, they do not focus 
their efforts on walleye pollock, opting 
instead for flatfish, rockfish, Pacific 
cod, and Atka mackerel. 


P-CP (pot catcher-processor): these 


Table 1.—Actual catch (t), capacity estimates, excess capacity, and week-based FU measures, by species, for 
catcher-processor and catcher vessels, 2001.' 


Species 


Actual 
catch 


c 


Excess 
capacity (%) 


Excess 
capacity (%) 


Week-based 
FU 


Atka mackerel 
Flatfish 

Pacific cod 
Walleye pollock 
Rockfish 
Sablefish 

Other groundfish 
Pacific salmon 
Pacific herring 
Pacific halibut 
Scallops 

Golden king crab 
Red king crab 
Tanner crab 
Other shellfish 
Other species 


All species 


57,167 
118,542 
227,532 

1,449,333 
26,559 
15,101 

5,987 
288,850 
33,654 
27,176 
251 
3,006 
3,963 
11,335 
468 
1,571 


66,886 
149,009 
306,976 

2,010,866 
32,208 
18,691 

7,757 
366,036 
42,656 
31,587 
306 
6,608 
15,037 
44,660 
528 
1,710 


17.00 
25.70 
34.92 
38.74 
21.27 
23.77 
29.56 
26.72 
26.75 
16.23 
21.91 
119.83 
279.43 
294.00 
12.82 
8.80 


66,893 
149,330 
318,117 

2,030,470 
32,595 
20,137 

7,861 
404,572 
46,240 
40,023 
470 
7,018 
15,909 
48,194 
576 
2,144 


17.01 
25.97 
39.81 
40.10 
22.73 
33.35 
31.30 
40.06 
37.40 
47.27 
87.25 
133.47 
301.44 
325.18 
23.08 
36.46 


0.404 
0.404 
0.404 
0.404 
0.404 
0.404 
0.404 
0.645 
0.196 
0.426 
0.024 
0.278 
0.278 
0.278 
0.252 
0.258 


2,270,495 


3,101,521 


36.60 


3,190,549 


40.52 


0.661 


vessels have been used primarily in 
the crab fisheries of the North Pacific, 
but as of late they have increased 
their participation in the Pacific cod 
fisheries. They generally use pot gear, 


'The week-based FU measures are (unweighted) averages of the ratio of each vessel's 2001 weeks in that fishery to its 
maximum weeks in that fishery for 1990-2001. Thus, the FU measures for groundfish and crab are the same for each 
species classified in those fisheries. Note also that the week-based FU estimates for “All species” reflect the ratio of each 
vessel's total 2001 weeks fishing to its maximum historical weeks fishing, not an average of the week-based CU scores 
from each fishery. 


Catcher Vessels 


but may also use longline gear. They 
produce whole or headed and gutted 
groundfish products. 


L-CP (longline catcher-processor): 
these vessels (also known as freezer 
longliners) do not trawl or use pot 
gear, and typically use longline gear 
to catch mostly Pacific cod. Most of 
these vessels are limited to headed and 
gutted products. 


Salmon CP, Crab CP, Halibut CP, 
Other Shellfish CP: these groups are 
comprised of vessels that do not fit into 
the other catcher-processor categories 
above, and spend a large proportion 
of their fishery-weeks in salmon, 
crab, halibut, or “other shellfish” 
(those other than crab and scallops), 
respectively. 


Other CP: these vessels do not fit into 
the other catcher-processor categories 
above, and did not spend a dispropor- 
tionate number of weeks operating in 
the salmon, crab, or “other shellfish” 
fisheries (and thus weren't included in 
those subgroups). 


All CP: this group includes all catch- 
er-processors from the categories 
above, and is included to give overall 
measures for the catcher-processor 
sector. 


TCV BSP 125: all vessels for which 
trawl catch accounts for > 15% of 
total catch value, value of Bering Sea 
pollock catch is greater than value of 
catch of all other species combined, 
vessel length is => 125 feet, and total 
value of groundfish catch is > $5,000. 
All vessels fishing after 1998 are 
AFA-eligible. 


TCV BSP 60-124: all vessels for 
which trawl catch accounts for > 15% 
of total catch value, value of Bering 
Sea pollock catch is greater than value 
of catch of all other species combined, 
vessel length is 60-124 feet, and total 
value of groundfish catch is > $5,000. 
All vessels fishing after 1998 are 
AFA-eligible. 


TCV Div. AFA: all vessels that are 
AFA-eligible for which trawl catch ac- 
counts for > 15% of total catch value, 
value of Bering Sea pollock catch is 
less than value of catch of all other 
species combined, vessel length is 2 60 
feet, and total value of groundfish 
catch is > $5,000. 


TCV Non AFA: all vessels that are not 
AFA-eligible for which trawl catch ac- 
counts for > 15% of total catch value, 
value of Bering Sea pollock catch is 


less than value of catch of all other 
species combined, vessel length is > 60 
feet, and total value of groundfish 
catch is > $5,000. 


TCV < 60: all vessels for which trawl 
catch accounts for > 15% of total 
catch value, vessel length is < 60 feet, 
and total value of groundfish catch is 
> $2,500. 


PCV: all vessels that are not trawl 
CV’s for which the value of pot catch 
is > 15% of total catch value, vessel 
length is = 60 feet, and total value of 
groundfish catch is > $5,000. 


LCV: all vessels that are not trawl CV’s 
or pot CV’s for which vessel length is 
> 60 feet, and total value of groundfish 
catch is > $2,000, excluding Pacific 
halibut and state-water sablefish. 


FGCV 33-59: all vessels that are not 
trawl CV’s for which vessel length is 
33-59 feet, and total value of ground- 
fish catch is > $2,000. 


FGCV 32: all vessels that are not trawl 
CV’s for which vessel length is < 32 
feet, and total value of groundfish 
catch is > $1,000. 


Salmon CV, Crab CV: these groups 
are comprised of vessels that do not 


| 
a 
sf 
a 
G 
f 
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Table 2.—Catcher-processor vessel capacity estimates. 


Subgroup 


Atka mackerel 


Flatfish 


c 


c 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


66,688 


10,623 
0.10 
117,102 
284 


130,793 


10,623 
0.10 
117,102 
330 
2,791 


194,896 


Subgroup 


Walleye pollock 


Rockfish 


Sablefish 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


626,116 


861,497 


692,768 
141,398 
20,989 
165 
6,215 


21,018 


3,175 


Subgroup 


Other groundfish 


Pacific salmon 


Pacific herring 


Actual 


c 


c 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Saimon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


651 
0.43 
637 
5.2 
1,980 


4,096 


0.36 
4,818 
24.1 
65.3 
147.1 
29.4 


5,085 


Subgroup 


Pacific halibut 


Scallops 


Golden king crab 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


858 


4.69 
42 
242.4 


251 


595 


Subgroup 


Red king crab 


Tanner crab 


Other shellfish Other species 


Actual 


Cc Actual 


Actual 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


85.3 
1.84 1.84 1.84 
155 209 240 
1.05 1.05 1.05 


32.9 51.3 §1.3 


446 716 874 


1,270 
393 
6.1 
220 
11.98 
0.67 
58.5 


1,962 


4.11 


6.03 


‘'*—" entries indicate that the subgroup did not catch any of that species in 2001. 
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Table 3.— Catcher vessel capacity estimates. 


Subgroup 


Atka mackerel 


Actual 


Actual 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


868 
Oo 


oo 

oo 

oo 


8 
8 


13,711 


B12 va 


121,813 


Subgroup 


Walleye pollock 


Actual c Actual 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


551,224 553,671 


823,217 1,149,369 


Subgroup 


Other groundfish 


Actual 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


2,176 
212,021 


27,293 


360,951 


29,506 
398,995 


Subgroup 


Golden king crab 


> 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


& 
oll | 


od 


Do 


6,013 


Subgroup 


Other shelifish 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


1,198 
694 


9,373 


(1281 


Rw 
| 2a 


all © 


coo 
o 
1188la 


[ied 
ou 


al al 


N 


1*_" entries indicate that the subgroup did not catch any of that species in 2001. 
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Table 4.—Catcher-processor vessel catch-based capacity utilization estimates. 


Subgroup 


Atka mackerel 


Flatfish 


Pacific cod 


Cu Cu 


Cu 


Cu 


Cu 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


0.894 
1 


0.856 0.856 


0.839 


0.802 


0.801 


0.814 
0.237 
0.782 


0.764 


0.814 
0.237 
0.782 


0.758 


Subgroup 


Walleye pollock 


Rockfish 


Sablefish 


Cu Cu 


Cu 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15£) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


0.731 
0.694 
0.802 
0.897 
0.791 


0.727 0.727 


0.851 


0.889 


0.851 


0.820 


0.816 


Subgroup 


Other groundfish 


Pacific salmon 


Pacific herring 


Cu 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


0.696 
0.652 
0.868 
0.531 
0.820 


0.799 0.799 


1.000 
0.868 
1.000 
0.953 
0.971 
0.667 


0.872 


0.545 
0.790 
1.000 
0.886 
0.945 
0.601 


0.795 


0.974 
1.000 


1.000 


0.981 


0.974 
1.000 


0.951 


0.980 


Subgroup 


Pacific halibut 


Scallop 


Gol 


den king 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


0.902 
0.947 
1.000 
0.849 
0.979 
0.535 


0.887 


0.843 
0.859 
1.000 
0.817 
0.956 
0.535 


0.834 


1.000 
0.583 
0.822 


0.820 


0.890 
0.583 
0.529 


0.534 


0.776 


0.776 


Subgroup 


Red king 


Tanner crab 


Other shellfish 


Other species 


Cu CU 


CU 


ST-CP (n=13) 

FT-CP (n=4) 

HT-CP (n=23) 

P-CP (n=9) 

L-CP (n=43) 

Salmon CP (n=102) 
Crab CP (n=15) 

Halibut CP (n=22) 
Other shellfish CP (n=9) 
Other CP (n=6) 


All CP (n=246) 


0.470 0.349 
0.962 0.962 
1.000 1,000 
0.742 0.646 
1.000 1.000 


0.641 0.641 


0.623 0.510 


0.437 
0.961 
1.000 
0.330 
1.000 
1.000 
0.642 


0.479 


0.386 
0.961 
0.361 
0.281 
1.000 
0.598 
0.642 


0.426 


'*—" entries indicate that the subgroup did not catch any of that species in 2001 


fit into the other catcher vessel cat- 
egories above and spend a majority of 
their fishery-weeks in salmon or crab, 
respectively. 


Other CV: these vessels do not fit into 
the other catcher vessel categories 
above and did not spend a dispropor- 
tionate number of weeks operating in 
the salmon or crab fisheries (and thus 
weren’t included in those subgroups). 
These vessels tend to spend similar 
amounts of time landing salmon, her- 
ring, and various shellfish, albeit in 
small quantities. 


All CV: this group includes all catcher 
vessels from the categories above and 
is included to give overall measures 
for the catcher vessel sector. 


The actual catch and the associated 
capacity estimates (for both the C; and 
C; estimators discussed above), by 
species, for all catcher-processor ves- 
sels and catcher vessels that operated 
in Federally managed Alaska fisheries 
in 2001 are presented in Table 1. Note 
that in all tables, the reported catch and 
capacity estimates are in metric tons. 
Furthermore, for brevity, common names 
are used in place of scientific names (or 
genus for groupings of similar species). 
Table | also reports the implied excess 
capacity (the difference between actual 
catch and catch levels corresponding to 
full capacity), and the week-based FU 
estimates. The estimates indicate that 
current capacity, in terms of total catch of 
all species, exceeds actual catch by nearly 
40%. However, species-specific excess- 
capacity estimates range widely —from 
8% to > 300%. Fishery utilization is 
highest in the salmon and groundfish 
fisheries and lowest in the shellfish and 
herring fisheries. Further breakdowns, 
into catcher vessel and catcher-processor 
vessel fleets (and subgroups within each), 
are provided in the following tables. 

Capacity estimates for the catcher- 
processor vessel fleet as a whole, and 
for each subgroup, by species, are given 
in Table 2. Table 3 presents the capacity 
estimates for the catcher vessel fleet as a 
whole, and for each subgroup, by species. 
A majority of the capacity in the catcher- 
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j 
0.894 0.839 | 
0.851 0.851 0.795 0.795 
0.449 0.367 0.775 0.667 0.739 0.691 
se 0.971 0.957 0.919 0.916 0.824 0.820 \ 
= = = 1.000 1.000 
0.731 0.889 0.872 0.872 
cee 0.694 0.700 0.700 0.800 0.800 
0.802 0.846 0.846 0.744 0.744 
fee 0.788 0.897 0.795 0.306 0.243 
oe fae 0.789 0.849 0.846 0.866 0.862 
Cu cu cu Cu Cu 
0.696 - - 
0.525 
0.819 
Cu CU Cu cu Cu Cu 
: 
Cu = Cu Cu cu Cu 
= =. = = 1.000 1.000 
0.989 0.956 0.943 0.940 
ag 
1.000 0.770 0.976 0.889 
~ 0.988 0.821 0.932 0.932 
3 
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processor vessel fleets is targeted toward 
pollock and Pacific cod, while most of 
the catcher vessel capacity is applied 
to pollock, salmon, and Pacific cod. As 
stated earlier, these estimates are based 
upon an assumed catch mix equal to that 
observed in 2001. Thus, for some species 
in Tables 2-5, the capacity estimate is 
given by a dash (-), which implies that 
no vessels in that subgroup caught that 
species in 2001. 

CU estimates for the catcher-proces- 
sor vessel fleet as a whole, and for each 
subgroup, by species, are contained in 
Table 4. Of all the primary target species, 
salmon and halibut targeting catcher- 
processor vessels have the highest levels 
of CU. Estimates of CU for catcher ves- 
sels in Table 5 reflect that CU is highest 
for halibut, sablefish, and salmon. It is 
interesting to note that both the halibut 
and sablefish fisheries operate under an 
Individual Transferable Quota (ITQ) 
system (which is often touted as a system 
that may decrease capacity in overcapital- 
ized fisheries). Just as with the Tables 2 
and 3, Tables 4 and 5 also have dashes 
for entries in cases where the specific 
subgroup did not catch any of that spe- 
cies in 2001. Note that the inverse of the 
CU scores (minus one) in Tables 4 and 5 
yields an estimate of the percent by which 
capacity catch exceeds the actual catch 
observed in 2001. 

Tables 6 and 7 present week-based 
FU estimates for the catcher-processor 
vessel and catcher vessel fleets (and their 
subgroups), respectively. Catcher-proces- 
sor vessel FU is highest in groundfish 
and salmon fisheries, while salmon and 
halibut FU measures are the largest for 
catcher vessels. Entries with a dash in 
these tables imply that no members 
of that subgroup that fished in Feder- 
ally managed fisheries in 200! have 
participated in that specific fishery during 
1990-2001. Entries with a zero imply 
that some vessels have participated in 
the past, but did not do so in 2001. The 
inverse of these FU scores (minus one) in- 
dicates the percent by which the vessels’ 
annual participation in each fishery could 
increase, to match each vessel’s historical 
maximum for the 1990-2001 period. 

Finally, mean annual participation (in 
weeks) for the catcher-processor vessels 
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Table 5.— Catcher vessel catch-based capacity utilization estimates. 


Subgroup 


Atka mackerel 


Flatfish 


Pacific cod 


Cu 


Cu 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


0.234 
0.739 
0.954 
0.400 
1.000 
0.425 


0.630 
0.692 
0.805 
0.720 
0.799 
0.771 
0.949 
0.735 
0.236 
1.000 


0.993 
0.742 


0.594 
0.735 
0.700 
0.722 
0.823 
0.559 
0.940 
0.778 
0.785 
0.998 


0.943 
0.702 


Subgroup 


Walleye pollock 


Rockfish 


Sablefish 


Cu 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


0.648 
0.767 
0.709 
0.694 
0.774 
0.491 
0.791 
0.572 
0.146 
1.000 


0.894 
0.716 0.704 


0.775 0.750 


Subgroup 


Other groundfish 


Pacific salmon 


Pacific herring 


cu 


Cu Cu 


éu Cu 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


0.696 
0.747 
0.804 
0.745 
0.813 
0.607 
0.952 
0.789 
0.600 
0.974 


0.946 
0.741 


1.000 0.761 
0.990 0.821 
0.946 0.714 
0.971 0.767 
0.898 0.759 
1.000 0.833 
0.852 0.315 
0.847 0.706 
0.656 0.526 
0.753 0.714 


0.789 0.730 
0.788 0.713 


0.934 0.808 
0.956 0.841 
0.853 0.819 
1.000 0.828 
0.909 0.778 
0.337 0.253 
0.797 0.716 
0.563 0.470 
0.775 0.718 
1.000 1.000 
0.818 0.793 


0.785 0.723 


Subgroup 


Pacific halibut 


Golden king 


Red king 


cu cu 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


0.848 
0.760 
0.735 
0.761 
0.813 
0.501 
0.805 
0.674 
0.675 
0.703 
0.592 
0.634 


0.675 


0.413 0.404 
0.484 0.476 


0.423 0.396 


0.184 0.181 
0.207 0.190 


0.246 0.234 


Subgroup 


Tanner crab 


Other shellfish 


Other species 


cu 


Cu Cu 


TCV BSP 125 (n=30) 
TCV BSP 60-124 (n=46) 
TCV Div. AFA (n=29) 
TCV Non-AFA (n=39) 
TCV < 60 (n=55) 
PCV (n=162) 

LCV (n=68) 

FGCV 33-59 (n=939) 
FGCV 32 (n=126) 
Salmon CV (n=4,150) 
Crab CV (n=49) 
Other CV (n=993) 


All CV (n=6,686) 


0.762 
0.807 


0.197 0.194 
0.172 0.169 


0.231 0.215 


1.000 0.600 


1.000 1.000 
1.000 1.000 


0.600 0.600 
0.897 0.799 


0.887 0.869 


0.714 0.681 
0.861 0.801 


'*_" entries indicate that the subgroup did not catch any of that species in 2001. 


0.235 0.632 0.591 
0.751 0.708 0.706 
0.995 0.821 0.684 
0.571 0.788 0.466 
1.000 0.978 0.938 
0.429 0.753 0.646 
éu éu Cu éu Cu 
0.650 0.674 0.667 0.653 0.651 
0.789 0.834 0.830 0.816 0.812 
0.725 0.827 0.816 0.853 0.840 : 
: 0.707 0.733 0.729 0.727 0.723 ey 
: 0.816 0.943 0.935 0.911 0.908 a 
0.619 0.653 0.618 0.735 0.717 
0.791 0.865 0.802 0.865 0.805 
2 0.605 0.739 0.647 0.778 0.699 bea 
a 0.170 0.693 0.513 0.694 0.485 Byes 
1.000 0.891 0.655 1.000 0.752 
= = 1.000 0.450 = = 
0.927 0.825 0.896 0.869 
0.692 
0.687 
0.789 
0.734 > 
0.784 
0.510 
0.952 
0.761 
0.276 
0.881 
cu cu cu cu 
2 0.882 0.185 0.185 0.297 0.230 ee 
0.840 0.480 0.419 0.241 0.230 
0.926 0.350 0.350 0.435 0.435 SS 
0.833 _ = = 
= 2 = 
0.791 = 0.982 0.783 
0.501 0.501 1.000 0.723 
0.200 0.175 0.991 0.769 
= = 1.000 0.777 
0.462 0.462 0.929 0.887 
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Table 6.—Mean catcher-processor vessel week-based fishery utilization measures. 


Subgroup FUgroundtish FUsaimon FU 


ST-CP (n=13) 0.759 0.759 

FT-CP (n=4) 0.572 0.572 

HT-CP (n=23) : 0.759 

P-CP (n=9) 0.470 

L-CP (n=43) 0.802 

Salmon CP (n=102) F 0.002 

Crab CP (n=15) 0.333 1.000 
Halibut CP (n=22) 0.071 0 
Other Shellfish CP (n=9) 0 A 1.000 
Other CP (n=6) 0 
All CP (n=246) 0.479 0.642 


' Entries with a zero imply that some vessels have participated in the past, but did not do so in 2001. 
2“_" entries indicate that the vessels in this subgroup have not participated in this fishery during 1990-2001. 


Table 7.— Catcher vessel week-based fishery utilization measures. 


Subgroup FU FUG roundtish FUsaimon 


TCV BSP 125 (n=30) 0.616 0.620 1.000 ; 1,000 
TCV BSP 60-124 (n=46) 0.761 0.775 0.944 0.974 
TCV Div. AFA (n=29) 0.734 0.738 0.933 1.000 
TCV Non-AFA (n=39) 0.669 0.664 0.741 0.869 
TCV < 60 (n=55) 0.742 0.629 0.740 0.304 0.596 
PCV (n=162) 0.351 0.311 0.080 0 0.399 
LCV (n=68) 0.717 0.700 0.190 0.333 0.768 
FGCV 33-59 (n=939) 0.635 0.402 0.579 0.142 0.399 
FGCV 32 (n=126) 0.527 0.285 0.460 0.073 0.393 
Salmon CV (n=4150) 0.669 0.295 0.686 0.140 0.184 
Crab CV (n=49) 0.446 0.125 0 0.119 0.636 
Other CV (n=993) 0.688 0.426 0.425 0.202 0.618 
All CV (n=6686) 0.657 0.402 0.640 0.182 0.421 


1 “_" entries indicate that the vessels in this subgroup have not participated in this fishery during 1990-2001. 
2 Entries with a zero imply that some vessels have participated in the past, but did not do so in 2001. 


Table 8.— Mean annual catcher-processor vessel fishing weeks, 1990-2001." 


Subgroup 1990 1991 1992 1993 1995 1996 1998 1999 


ST-CP 34.6 30.5 22.6 19.5 18.0 17.6 17.8 20.4 

(No. of vessels) (20) (20) (20) (18) (20) (18) (16) (12) 

FT-CP 39.9 37.1 34.4 26.8 22.5 21.8 20.3 21.5 

(No. of vessels) (17) (18) (18) (22) (13) (14) (12) (4) 

HT-CP 32.2 29.9 35.4 34.9 26.5 31.1 31.9 30.4 

(No. of vessels) (25) (29) (28) (25) (35) (33) (29) (29) 

P-CP 21.0 30.2 28.8 11.3 19.2 19.9 18.9 19.9 

(No. of vessels) (10) (14) (15) (13) (15) (16) (11) (14) 

L-CP 30.8 27.7 25.8 20.4 a 23.6 21.7 26.3 25.4 

(No. of vessels) (37) (52) (65) (68) (62) (62) (54) (53) 

Salmon CP 12.0 12.9 11.8 13.9 14.1 13.2 12.7 13.9 

(No. of vessels) (24) (31) (34) (57) (93) (111) (92) (105) 

Crab CP 30.3 27.4 25.1 14.8 10.6 7.9 12.4 10.8 

(No. of vessels) (12) (14) (14) (10) (5) (8) (13) (14) 

Halibut CP 3.5 5.1 5.2 7A 79 

(No. of vessels) (8) (19) (13) (25) (20) 

Other shellfish CP 16.8 12.5 18.9 20.5 

(No. of vessels) (0) (4) (13) (7) (4) 

Scallop CP? 9.0 7 — 6.2 5.0 

(No. of vessels) (6) (6) (0) (5) (7) 

Other species CP* 9.5 8.6 10.8 _ _ 

(No. of vessels) (4) (5) (4) (0) (0) 

Other CP 8.8 5.3 8.3 10.6 6.0 6.4 6.0 9.3 10.8 17.8 8.5 7.0 
(No. of vessels) (4) (6) (4) (5) (5) (5) (5) (4) (6) (5) (8) (6) 
All CP 27.9 26.0 24.6 18.9 18.2 17.5 17.3 18.3 17.8 18.0 17.7 17.6 
(No. of vessels) (153) (188) (208) (236) (235) (282) (297) (248) (270) (267) (267) (246) 


' The mean weeks listed represents the time spent in Alaska commercial fisheries (state and Federal), for the species listed in this report, by vessels that fished in Alaska’s Federally 
managed fisheries during 1990-2001. 
?“—" entries indicate that the vessels in this subgroup did not participate in the Federally managed Alaska commercial fisheries in that year. 
3 This group, which was not defined for the 2001 capacity measures due to a lack of activity in 2001, is comprised of vessels whose predominant target was scallops. 
: ba group, which was not defined for the 2001 capacity measures due to a lack of activity, is comprised of vessels whose predominant targets were lingcod, eels, and infrequently caught 
rage species. 
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FUscatiop FUcrab FUsneitisn FUotner species 
0.388 0.071 0.143 
0.592 0.500 0.836 0.421 
0.714 1.000 1.000 0.400 0.464 
ae 0.666 0.166 0.666 0.925 0.300 ee 
0.200 0.813 0.300 0.438 
ee 0.588 0.655 0.551 0.690 0.378 cf 
FUscatiop FUcrab FUsheitish FUoiner species 
0.742 0.642 0.925 > 
0.269 0.270 0.952 
o 0.340 0.545 0.847 
0.622 0.250 0.848 a 
0.083 0.240 0.296 
0.261 0.212 0.267 
0 0.269 0.238 0.254 
— 

4 
q 
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Table 9.—Mean annual catcher vessel fishing weeks, 1990-2001.' 


Subgroup 1990 1991 1992 


1993 1994 


2000 


TCV BSP 125 16.8 22.1 22.3 
(No. of vessels) (16) (13) (22) 
TCV BSP 60-124 24.9 25.1 23.9 
(No. of vessels) (25) (32) (48) 
TCV Div. AFA 25.3 26.5 23.0 
(No. of vessels) (34) (47) (31) 
TCV Non-AFA 17.8 16.7 15.9 
(No. of vessels) (39) (53) (47) 
TCV < 60 148 15.5 16.4 
(No. of vessels) (52) (62) (67) 
PCV 11.3 14.0 14.9 
(No. of vessels) (160) (178) (177) 
LCV 7.2 74 8.3 
(No. of vessels) (119) (128) (131) 
FGCV 33-59 11.7 12.0 13.2 
(No. of vessels) (1,175) (1,252) (1,221) 
FGCV 32 9.1 8.7 10.5 
(No. of vessels) (172) (186) (193) 
Salmon CV tan 6.6 7.4 
(No. of vessels) (6,388) (6,108) (5,869) 
Crab CV 10.4 10.8 12.1 
(No. of vessels) (49) (49) (47) 
Scallop CV? 10.5 15.5 
(No. of vessels) (4) (4) (0) 
Other CV 5.2 5.1 5.3 
(No. of vessels) (1,849) (1,881) (1,762) 
All CV 7.7 7.5 8.3 
(No. of vessels) (10,082) (9,993) (9,615) 


17.5 17.2 
(23) (23) 
17.0 19.3 
(51) (48) 
25.1 21.9 
(30) (27) 
17.7 17.2 
(42) (34) 
15.3 16.5 
(73) (70) 
11.8 8.3 
(170) (173) 
65 57 
(119) (136) 
12.0 11.5 
(1,180) (1,174) 
8.7 9.2 
(180) (184) 
69 7.4 
(5,756) (5,559) 
9.9 5.8 
(59) (67) 
10.0 3.6 
(4) (5) 
5.8 5.3 7.4 68 
(1,443) (1,433) (1,112) (1,154) 


7.8 7.7 81 7.9 
(9,130) (8,933) (8,515) (7,706) 


(1,176) 


(7,779) 


19.7 
(31) 


20.6 
(46) 
20.1 
(29) 
16.3 
(37) 
18.5 
(55) 

9.8 
(177) 
8.4 
(75) 
12.4 
(986) 


8.7 
(138) 


6.4 
(4,753) 


45 
(44) 


(0) 
7.1 77 7.6 7.3 7.2 
(996) (1,069) (657) (993) 


7.9 79 8.1 78 8.0 
(7,484) (7,518) (7,028) (6,686) 


' The mean weeks listed represents the time spent in Alaska commercial fisheries (state and Federal), for the species listed in this report, by vessels that fished in Alaska Federally managed 

fisheries during 1990-2001. 
2 This group, which was not defined for the 2001 capacity measures due to a lack of activity in 2001, is comprised of vessels whose primary target was scallops. 
3“—" entries indicate that the vessels in this subgroup did not participate in the federally managed Alaska commercial fisheries in that year. 


and catcher vessels for 1990 to 2001 is 
given in Tables 8 and 9, respectively. 
The tables also show the total number of 
vessels present in the fisheries discussed 
in this paper in each year (by subgroup 
and for the catcher-processor vessel and 
catcher vessel fleets as a whole). The 
average annual weeks fished by catch- 
er-processor vessels has consistently 
dropped from its peak in 1990, which 
is due in part to the corresponding large 
increase in vessels since that time. The 
number of catcher vessels has dropped 
significantly since 1990, although aver- 
age annual weeks fished has remained 
stable. 


Conclusion 


This paper presents a methodology 
for assessing fishing capacity, capacity 
utilization, and fishery utilization with 
commonly available data. The estimates 
provided in the paper allow analysts and 
resource managers to analyze capacity 
and utilization measures in two distinct 


ways, depending on the relevant ques- 
tions at hand. Specifically, one can focus 
on well-defined subgroups (or “fleets”’) of 
vessels sharing similar harvesting and/or 
processing technologies, or examine the 
capacity and utilization measures by 
species. 

This approach is easily implemented in 
large fisheries with multiple species and 
modes of operation and is not computa- 
tionally burdensome. The assumptions 
underlying the estimates are similar to 
those embodied in alternative capac- 
ity estimation methodologies (such as 
DEA), but do not impute potential gains 
in harvesting efficiency in the resulting 
estimates. For these reasons, this meth- 
odology may be useful for those looking 
for a manageable and reasonable way to 
measure fishing capacity and resource 
utilization with existing data. 


Literature Cited 
Chambers, R. G. 1988. Applied production anal- 


ysis. Camb. Univ. Press, 331 p. 
Dupont, D. P., R. Q. Grafton, J. Kirkley, and 


D. Squires. 2002. Capacity utilization mea- 
sures and excess capacity in multi-product 
privatized fisheries. Resour. Energy Econ. 
24(3):193-210. 

FAO. 1998. Report of the FAO Technical Work- 
ing Group on the Management of Fishing 
Capacity. La Jolla, United States of America. 
Food and Agric. Organ. U.N., FAO Fish. Rep. 
R586, 57 p. 

Felthoven, R. G. 2002. Effects of the Ameri- 
can Fisheries Act on capacity, utilization 
and technical efficiency. Mar. Resour. Econ. 
17(3):181-20S. 

Kula, E. 1992. Economics of natural resources 
and the environment. Chapman and Hall, 
London, UK, 287 p. 

Larson, D. M., B. W. House, and J. M. Terry. 
1998. Bycatch control in multispecies fisher- 
ies: a quasi-rent share approach to the Bering 
Sea/Aleutian Islands midwater trawl pollock 
fishery. Am. J. Agric. Econ. 80(4):778-792. 

Morrison Paul, C. J. 1999. Cost structure and 
the measurement of economic performance. 
Kluwer Acad. Press, Boston, 363 p. 

NMFS. In Press. A report of the National Task 
Force for Defining and Measuring Fish- 
ing Capacity. Natl. Mar. Fish. Serv., Silver 
Spring, Md. 

Squires, D. E., and J. Kirkley. 1991. Produc- 
tion quota in multiproduct Pacific fisheries. J. 
Environ. Econ. Manage. 21:109-126. 

Weninger, Q., and I. E. Strand. 2003. An empiri- 
cal analysis of production distortions in the 
mid-Atlantic surf clam and ocean quahog 
fishery. Appl. Econ. 35(10):1191-1197. 


17.1 19.5 18.0 19.2 
(32) (30) (35) (30) 
16.6 17.0 16.7 21.3 
(52) (45) (40) (48) 
24.4 22.3 20.5 21.7 
(25) (32) (33) (29) 
19.8 18.1 17.6 17.0 
(33) (41) (40) (39) 
be 16.2 18.0 19.2 17.5 ae 
(65) (67) (61) (55) 
11.2 12.8 12.7 6.9 
(143) (151) (161) (162) 
7.9 8.1 9.3 10.4 
(94) (98) (92) (68) 
12.0 12.3 13.3 12.3 
(1,014) (980) (967) (939) 
8.9 9.0 8.9 79 
(162) (153) (144) (126) 
6.7 6.4 66 68 
be (4,937) (4,855) (4,839) (4,150) ee 
a 7.2 9.2 7.9 46 
(46) (36) (37) (49) 

64(4 39 
(4) 


Characteristics of Shark Bycatch Observed on Pelagic Longlines 
off the Southeastern United States, 1992-2000 


LAWRENCE R. BEERKIRCHER, ENRIC CORTES, and MAHMOOD SHIVJI 


Introduction 


In some commercial fishing opera- 
tions, elasmobranchs represent a signifi- 
cant amount of discarded bycatch. Due 
to the slow growth rate, late maturity, and 
low fecundity of sharks in general, shark 
populations are particularly vulnerable to 
fishing pressure (Pratt and Casey, 1990). 
The history of directed shark fisheries in 
North American waters contains many 
examples of the deleterious effects 
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overfishing can have on shark popula- 
tions, including the rise and collapse of 
the porbeagle, Lamna nasus (Casey et 
al., 1978); soupfin shark, Galeorhinus 
zyopterus (Ripley, 1946); and spiny 
dogfish, Squalus acanthias (Rago et 
al., 1998) fisheries. Even in the case of 
species not subject to directed fisheries, 
such as many pelagic sharks, there is 
concern that bycatch mortality may still 
be high enough to harm shark populations 
(Musick et al., 2000). This concern has 
led to an urgent call for population assess- 
ments of elasmobranch species that often 
appear as bycatch in pelagic commercial 
fishing operations.! 

To help increase the amount of man- 
agement-relevant information available 
on pelagic sharks, we have examined nine 
years of fishery observer data to quan- 
tify and describe the patterns of shark 
bycatch in a major U.S. pelagic fishery, 


'NMFS. 2000. United States national plan of 
action for the conservation and management of 
sharks. U.S. Dep. Commer., NOAA, NMFS, 
Silver Spring, MD 20910, 86 p. 


the swordfish, Xiphias gladius, and tuna, 
Thunnus spp., pelagic longline fleet, off 
the southeastern United States. These 
results may provide a clearer perspective 
of the magnitude of shark bycatch, and 
the distribution, relative abundance, and 
characteristics of shark populations that 
utilize the pelagic habitat in this region 
than has previously been available from 
fishery-independent scientific cruises 
alone. The data sources we used for this 
study, albeit fishery-dependent, offer the 
advantage of providing a much greater 
number of observations spread out over 
various times of the year from which to 
assess the status of Atlantic pelagic shark 
populations, and provide information 
relevant for their management. 


Materials and Methods 


Description of the Fishery 


The major fishery targeting large pe- 
lagic species off the southeastern United 
States is the pelagic longline fishery. 
Descriptions of this fishery can be found 
in Berkeley et al. (1981), Berkeley and 


ABSTRACT — Data collected by fish- 
eries observers aboard U.S. pelagic long- 
line vessels were examined to quantify and 
describe elasmobranch bycatch off the 
southeastern U.S. coast (lat. 22°-35°N, 
long. 71°-82°W). From 1992 to 2000, 961 
individual longline hauls were observed, 
during which 4,612 elasmobranchs (15% 
of the total catch) were documented. Of the 
22 elasmobranch species observed, silky 
sharks, Carcharhinus falciformis, were 
numerically dominant (31.4% of the elas- 
mobranch catch). The catch status of the 
animals (alive or dead) when the gear was 
retrieved varied widely depending on the 
species, with high mortalities seen for the 


commonly caught silky and night, C. sig- 
natus, sharks and low mortalities for rays 
(Dasyatidae and Mobulidae), blue, Prio- 
nace glauca; and tiger, Galeocerdo cuvier; 
sharks. Discard percentages also varied, 
ranging from low discards (27.6%) for 
shortfin mako, Isurus oxyrinchus, to high 
discards for blue (99.8%), tiger (98.5%), 
and rays (100%). Mean fork lengths indi- 
cated the majority of the observed by- 
catch — regardless of species — was imma- 
ture, and significant quarterly variation in 
fork length was found for several species 
including silky; dusky, C. obscurus; night; 
scalloped hammerhead, Sphyrna lewini; 
oceanic whitetip, C. longimanus; and sand- 


bar, C. plumbeus; sharks. While sex ratios 
overall were relatively even, blue, tiger, 
and scalloped hammerhead shark catches 
were heavily dominated by females. Boot- 
strap methods were used to generate yearly 
mean catch rates (catch per unit effort) 
and 95% confidence limits; catch rates 
were generally variable for most species, 
although regression analysis indicated sig- 
nificant trends for night, oceanic whitetip, 
and sandbar sharks. Analysis of variance 
indicated significant catch rate differences 
among quarters for silky, dusky, night, blue, 
oceanic whitetip, sandbar, and _shortfin 
mako sharks. 
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Campos (1988), and Beerkircher et 
al. (2002): the pelagic longline gear 
used in this area consists of a heavy 
monofilament mainline (7-65 km long), 
which is suspended at various depths 
below the surface and from which are 
suspended numerous lengths of lighter 
monofilament line with a single large 
(size 7/0—-11/0) hook at the end. Hooks 
are placed along the line at a ratio of 
11-19 hooks/km, resulting in a total of 
80-1,200 hooks. The average number of 
hooks is 400-500 per longline. The gear 
free-floats on the surface of the ocean, 
with the hook depths varying from 35 to 
60 m (Beerkircher et al., 2002). 

Vessels targeting swordfish gener- 
ally set gear around sunset and haulback 
around dawn, use chemical light sticks 
attached near the hooks, and use mackerel 
or squid for bait. Fishery-dependent data 
indicate an average of 4,028 longline 
sets were deployed per year in this area 
between 1994 and 1999 (Cramer, 1995; 
Cramer and Adams, 1999; Cramer, 
2002). The primary species targeted by 
these fishermen is swordfish, although 
tunas, mahi-mahi, Coryphaena spp., and 
certain shark species are also commer- 
cially important portions of the catch. 

Bycatch in this fishery includes te- 
leosts, elasmobranchs, and on rare oc- 
casions marine mammal and sea turtle 
species. The greatest percentage of 
bycatch in this fishery is composed of 
sharks (Anderson, 1985). Shark species 
commonly caught in the pelagic longline 
fishery include the dusky, Carcharhinus 
obscurus, night, C. signatus; silky, C. 
falciformis; oceanic whitetip, C. longima- 
nus; tiger, Galeocerdo cuvier; blue, 
Prionace glauca; shortfin mako, /surus 
oxyrinchus; and scalloped hammerhead, 
Sphyrna lewini (Anderson, 1985; Beer- 
kircher et al., 2002). 

Several of these species are neither 
generally described as “pelagic” in 
the literature nor defined as pelagic by 
the National Marine Fisheries Service 
(NMFS) Shark Fishery Management 
Plan (FMP).? Since several shark species 


2NMFS. 1999. Final fishery management plan 
for Atlantic tunas, swordfish, and sharks. U.S. 
Dep. Commer., NOAA, NMFS, Silver Spring, 
MD 20910, 854 p. 
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Figure |. — NMFS geographical classification of fishing areas (Cramer and Adams, 
1999). The study area combines NMFS areas 3 (FEC) and 4 (SAB). 


encountered in the pelagic fishery occupy 
more than one habitat, this paper ignores 
subjective distribution classifications and 
describes bycatch of sharks of any spe- 
cies by the pelagic longline fishery off 
the southeastern United States. 


Study Area and Data Set 


The primary data we examined were 
compiled and maintained by the NMFS 
Southeast Fisheries Science Center 
(SEFSC) as part of the pelagic observer 
program and include data collected 
since the observer program’s inception 
in June 1992 through December 2000. 
Observer coverage is mandatory for 
Federal swordfish permit holders, and 
selection of a vessel for coverage is 
based on a random draw. The percentage 
of longline sets observed in any given 
area and calendar quarter (quarter 1: 
January-March, quarter 2: April-June, 
quarter 3: July-September, quarter 4: 
October-December) was targeted to be 
5% of the total reported number of sets 
for that area and calendar quarter in the 
previous year. 


The northwest Atlantic (including the 
Gulf of Mexico and Caribbean) is divided 
into eleven areas thought to represent 
regions of similar types of fishing effort 
(Fig. 1). Two areas, the “Florida East 
Coast” (FEC, NMFS area 3) and the 
“South Atlantic Bight” (SAB, NMFS 
area 4) were combined into the study area 
examined herein. This area is bounded on 
the north and south by lat. 35° and 22°N 
and on the east and west by long. 71° 
and 82°W, respectively. This area was se- 
lected as the spatial limits of the study be- 
cause the pelagic longline fishery in it has 
been classified as one of the five distinct 
U.S. Atlantic pelagic longline fisheries 
based on the nature of the target species, 
temporal distribution of effort, and other 
fishing practices. The rough similarity of 
fishing effort throughout this area allows 
some standardization of catch per unit of 
effort (CPUE) data, which would be more 
difficult if a larger study area encompass- 
ing variable fishing practices were used. 
One observed shark-directed set that oc- 
curred in shallow water during 1996 was 
not included in the analysis to preserve 
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Table 1.— Observed and reported effort in the pelagic longline fishery off the southeastern U.S., 1992-2000. 


Year 


Effort 1992 1993 1994 1995 1996 1997 1998 1999 2000 Total 


Observed effort 
Hauls 
Hooks 
Reported effort! 
Hooks 
Percent of hooks observed 


72 
19,315 


129 
47,846 


119 
38,126 


67 
25,184 


126 
61,943 


95 
48,778 


116 
49,214 


111 
54,338 


126 
69,129 


961 
413,873 


1,094,082 1,281,61 
1.8 3.7 


1,516,723 
2.5 


1,496,686 
1.7 


2,249,194 
2.8 


1,677,461 
2.9 


1,357,197 
3.6 


1,474,411 
3.7 


1,484,554 
47 


13,631,926 
3.0 


' Data from Cramer, 1995; Cramer and Adams, 1999; and Cramer, 2002. 


Table 2.—Cumulative monthy effort and elasmobranch catch by species observed in the pelagic longline fishery off the southeastern U.S., 1992-2000. 


Species Jan. Feb. Mar. May June Aug. Sept. Dec. Total 


Silky 
Dusky 
Night 


184 
107 
128 160 
Blue 67 115 
Unidentified sharks 21 29 83 


5 255 
5 
1 
4 
9 
Tiger 5 4 46 20 
5 
1 
1 
1 


125 


120 81 
186 

52 

52 


1,446 
679 
572 
434 
307 
263 
200 
131 
113 
112 

82 

80 

193 
4,612 
413,873 


Scalloped hammerhead 10 29 46 
Oceanic whitetip 3 12 5 
Rays 12 4 1 
Sandbar Fs 20 48 
Bigeye thresher 10 10 13 12 
Shortfin mako 3 11 3 15 11 
Other’ 14 1 22 19 26 49 21 
Totals 104 386 586 598 849 685 243 212 306 
Hooks 7,796 38,128 37,275 57,835 62,247 71,395 27,221 15,793 27,491 


210 
21,897 


224 


22,136 24,659 


' Other includes (in numericai order) great hammerhead, Sphyrna mokarran, bignose, Carcharhinus altimus; blacktip, C. limbatus; longtin mako, /surus paucus, bull, C. leucas; common 
thresher, Alopias vulpinus; spinner, C. brevipinna; Caribbean reef, C. perezi, smooth hammerhead, S. zygaena; and nurse, Ginglymostoma cirratum, sharks. 


CPUE standardization and the intent of 
the study to examine shark bycatch in the 
tuna-swordfish fishery. 


Quantitative Methods 
Used for Data Analysis 


Bootstrap procedures with 1,000 boot- 
strap replications (Efron and Tibshirani, 
1993) were used to estimate the mean 
yearly CPUE (expressed as number of 
sharks caught per 1,000 hooks) for eleven 
commonly observed elasmobranch spe- 
cies and for unidentified sharks as a 
group. Upper and lower 95% confidence 
limits were taken from the 97.5 and 2.5 
percentiles of the ranked replicant means, 
respectively. 

For each shark species, mean CPUE 
was analyzed to test for differences 
among seasons using analysis of variance 
(ANOVA); post-hoc identification of 
seasonal differences were determined by 
Tukey-Kramer testing (Sokal and Rohlf, 
1995). Yearly time series of bootstrapped 
mean CPUE were charted; yearly mean 
CPUE values were weighted by the in- 
verse of the yearly bootstrapped variance 
and both weighted and non-weighted 


CPUE series were analyzed for signifi- 
cant trends through linear regression. 
Live sharks that are not retained (due 
to quota closures, small size, or low 
commercial value) are normally cut off 
the line in the water, and precise length 
measurements are therefore not possible. 
In such cases, the observer estimates the 
total length of the shark to the nearest 
foot. Because exclusion of estimated 
length data would preclude length analy- 
ses for species such as the blue; tiger; 
scalloped hammerhead; oceanic whitetip; 
sandbar, C. plumbeus,; bigeye thresher, 
Alopias superciliosus, and shortfin mako, 
we included estimated lengths for these 
species in our analyses. Fork length was 
chosen for analysis because this is the 
most consistently reported measurement 
by observers. Fork length data were log- 
transformed and analyzed using one-way 
ANOVA and Tukey-Kramer testing to 
determine if and where length differences 
existed among seasons. Length-frequency 
distributions were constructed for the four 
most-common species observed; mean 
fork lengths were calculated for the ten 
most-common shark species observed. 


Sex ratios over the entire study period 
were determined for most species (rarely 
encountered species or species for which 
sex data were lacking, were omitted). To 
detect any seasonal changes in sex ratios, 
quarterly sex ratios were examined for ten 
of the most common species. Chi-square 
testing was used to analyze the sex ratio 
data for heterogeneity among quarters. 


Results and Discussion 


General 


During June 1992 through December 
2000, NMFS personnel observed 961 
individual hauls of longline fishing 
gear in the study area (Table 1). Mean 
yearly observed effort was 107 hauls 
and 45,986 hooks. The greatest amount 
of yearly effort was observed in 2000 
(69,129 hooks), and the minimum in a 
7-month period in 1992 (19,315 hooks). 
Monthly fishing effort ranged from a high 
of 71,395 hooks observed in June to a 
low of 7,796 hooks in January (Table 2). 
Observations of the fishing effort were 
distributed uniformly throughout the 
time period of the study, occurring in all 
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seasons of all years, except for 1992. This 
was the year when the observer program 
began at the SEFSC, and field operations 
did not start until June. The locations of 
individual hauls of the gear (by quarter) 
are shown in Figure 2. 

Spatially, the fishing effort was gener- 
ally confined to the Gulf Stream or its 
edges, in water depths greater than 200 
m. Thus, although the defined study area 
includes the Bahamas, very little effort 
was observed in the immediate vicinity of 
the Bahamas due to a restriction on U.S. 
longliners operating in the Bahamian 
Exclusive Economic Zone (EEZ). An ex- 
ception was the Florida Straits, where the 
close proximity of the Bahamian islands 
to the continental United States results in 
a narrower EEZ for both countries. 

Elasmobranchs comprised 15% and 
the target species (swordfish and tuna) 
comprised 53% of the total catch (Fig. 3). 
A total of 4,612 individual elasmobranchs 
were observed during the study period, 
with silky, dusky, night, blue, unidenti- 
fied, tiger, and scalloped hammerhead 
sharks making up the majority (84.6%); 
15 other species made up the remainder 
of the elasmobranchs observed (Table 2). 
Rays were not identified to species, but 
observer notes indicate the majority were 
pelagic stingrays, Dasyatis violacea; and 
some manta rays (Mobulidae) were also 
reported. The wide variety of species 
observed in the study was consistent with 
the temporal and spatial distribution of 
fishing effort and a previous study on 
pelagic zone sharks in the same general 
region (Berkeley and Campos, 1988). 

The intent of our study was to identify 
the characteristics of that portion of the 
shark populations that use the pelagic 
zone (>200 m), although due to the free- 
floating nature of pelagic longline gear 
some of the effort observed might have 
come from water as shallow as 100 m. 
A review of the gear haul location data 
indicated that few sets of gear drifted into 
shallower water. Therefore, it seems rea- 
sonable to assume the species diversity 
observed is fairly representative (within 
the constraints of the nature of the fish- 
ing gear) of elasmobranchs that use the 
pelagic zone in this region, and particu- 
larly those species that frequent the Gulf 
Stream and its edges. 
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Figure 2. — Locations of observed hauls in the pelagic longline fishery off the 
southeastern U.S. coast, 1992-2000, by quarter. 
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Figure 3. — Percentage of observed catch by category from the pelagic longline 
fishery off the southeastern U.S. coast, 1992-2000. 
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The numerical dominance of the silky 
shark in elasmobranch bycatch observed 
in this study agrees with similar studies 
that document this species as making 
up a large portion of the longline shark 
bycatch off the southeastern U.S. coast 
(Guitart-Manday, 1975; Hoey, 1983a; 
Berkeley and Campos, 1988). However, 
the relatively high percentage of shark 
bycatch comprising dusky sharks (14.7%) 
is not typical of previous findings. Hoey 
(1983a) found this species to comprise 
only 5.8% of the total shark catch off the 
southeastern U.S. coast, although this 
data set was hampered by species iden- 
tification problems, and many of the un- 
identified sharks reported in Hoey’s study 
may have been dusky sharks. Further, 
Hoey’s (1983a) data were dominated by 
shark-directed effort, which presumably 
occurred in more shallow water. 

Two NMFS bottom longline, fishery- 
independent shark surveys captured only 
three dusky sharks in water depths less 
than 80 m along the coast from Cape 
Cod, Mass., to Texas (Grace and Hen- 
wood, 1997). Springer (1963) reported 
the dusky shark as being common off 
the coast of Florida in relatively deeper 
waters (60-300 m); however, other re- 
searchers who have examined catch data 
from the southern portion of the study 
area have not found the dusky shark to 
be as common offshore as we report here 
(Guitart-Manday, 1975; Berkeley and 
Campos, 1988). 

The night shark, the third-most 
common elasmobranch observed in our 
study (12.4%), has also been reported 
as common in the study area by previ- 
ous authors, particularly in the Florida 
Straits (Guitart-Manday, 1975; Castro, 
1983; Berkeley and Campos, 1988). The 
amount of night sharks we observed in 
the study area is inconsistent with infor- 
mation presented in Castro et al. (1999), 
who reported night sharks as being rare 
off the southeastern United States. 

In our study, NMFS observers reported 
very few night sharks in the first 4 years 
(1992-95), but many more from 1996 
to 2000. Unless there was some change 
in fishing effort after 1996, or a major 
change in the population’s size or migra- 
tory patterns in those years — both of 
which seem doubtful — NMFS observ- 


Table 3.—Catch status of elasmobranchs observed in the pelagic longline fishery off the southeastern U.S., 1992- 
2000. 


Species Alive Dead 


Unknown Damaged % Dead 


Silky 

Dusky 

Night 

Blue 

Tiger 

Scalloped hammerhead 
Oceanic whitetip 
Rays 

Sandbar 

Bigeye thresher 
Shortfin mako 


10 66.3 
48.7 
80.8 
12.2 

3.0 
61.0 
27.5 

0.0 
26.8 
53.7 
35.0 


ers either misidentified night sharks or 
reported them as “unidentified sharks” 
during the early years of the SEFSC 
pelagic longline observer program. 

It seems likely that more night sharks 
were caught during 1992-95 but were 
reported mostly as “unidentified sharks” 
by NMFS observers. Unfortunately, it 
is also probable that some night sharks 
were misidentified as other species in 
the genus Carcharhinus. Despite the 
uncertainty of accurate species identi- 
fication, our data suggest that the night 
shark is still a relatively common species 
in the study area, although a decline 
in abundance from historical levels is 
possible. 


Catch Status and Disposition 


The catch status (condition of the 
animal, defined as dead or alive, when 
brought alongside the boat) varied 
widely depending on species (Table 3). 
Rays, tiger sharks, and blue sharks were 
observed to survive best (0%, 3.0%, and 
12.2% mortality, respectively), but the 
three most common shark species in the 
study — silky, dusky, and night — had 
much higher mortalities (66.3%, 48.7%, 
and 80.8%, respectively). 

These mortality data suggest that 
catch status should be taken into ac- 
count when considering species-specific 
management measures, as prohibitions 
on possession of species with generally 
low survival rates may not substantially 
reduce bycatch mortality, but might have 
the effect of reducing economic benefits 
to the fishermen. Detailed and more 
extensive examination of fishery-de- 
pendent data with concomitant research 
on gear modification will be necessary 
for development of regulations aimed 


Table 4.—Catch disposition of elasmobranchs ob- 
served in the pelagic longline fishery off the southeast- 
ern U.S., 1992-2000. 


Discarded Released 
Retained dead alive 
Species (%) (%) (%) 


Silky 30.0 44.1 25.9 
Dusky 24.6 38.7 36.7 
Night 26.0 61.9 12.1 
Blue 0.2 12.4 87.3 
Tiger 1.5 4.6 93.9 
Scalloped hammerhead 14.1 51.8 34.2 
Oceanic whitetip 24.4 14.5 61.1 
Rays 0.0 44 95.6 
Sandbar 23.2 19.6 $7.1 
Bigeye thresher 15.9 43.9 40.2 
Shortfin mako 72.4 0.0 27.6 


at increasing the number of sharks that 
survive capture. 

The percentage distribution of catch 
disposition (i.e. whether the elasmo- 
branch was kept, released alive, or 
released dead) was also highly variable, 
ranging from 72.4% kept for shortfin 
mako to less than 2% kept for blue 
sharks, tiger sharks, and rays (Table 4). 
The catch disposition percentages we 
report are likely the result of a combina- 
tion of factors such as marketability of 
the species and compliance with fishery 
regulations. Several of the most common 
species observed in this study are subject 
to quota closures, and thus a significant 
portion of the discard figures for these 
species might be regulatory. 


Length Characteristics 


Mean fork lengths by gender (Table 5) 
were calculated from both actual mea- 
surements and combined actual and 
estimated measurements, with the excep- 
tion of blue, tiger, and bigeye thresher 
sharks, for which virtually all lengths. 
were estimated. Because large sharks that 
fishermen do not intend to keep are rarely 


Marine Fisheries Review 


381 49 
255 8 
95 36 
113 0 
82 29 
38 43 
4 
tH 
4 
4 
ey 
4 
4 
: 
44 4 


Percent frequency 


RSA 


= 


% 
G 
Z 
4 


Percent frequency 


Fork length (cm) 


OLL-LOL 
OLZ-10Z ASS 


ng 


Figure 4. — Percent length-frequency distributions observed for silky, dusky, night, and blue sharks off the southeastern U.S. coast, 
1992-2000. All length data were from actual measurements except for blue sharks, where 97% of the length data were estimations. 


Table 5.—Mean fork lengths (FL) of sharks observed in the pelagic longline fishery off the southeastern U.S., 1992-2000. Length-at-maturity estimates are taken from the lit- 
erature cited here; estimates are given as length at first maturity or a range according to the the original study. Where sources reported total length, conversions to fork length 


were made using relationships given in Kohler et al. (1995). 


Actual measurements (cm) 


All measurements (cm) 


Species Sex 


FL FL 


Length at maturity (cm) 


Citation 


Silky M' 
Dusky M! 
FI 
Night M! 
FI 
Blue M 
F 
Tiger M! 
Scalloped hammerhead M 
FI 
Oceanic whitetip M! 
Sandbar M' 
F 
Bigeye thresher M 
Shortfin mako M 


107 


109 
109 
N/A 
N/A 
N/A 
N/A 
150 
146 
105 
105 
142 
145 
N/A 
N/A 
186 
177 


186 
192-203 
231 
235 
156-160 
168-173 
183 
185 
258 
263-267 
139 
194 
145-153 
145-153 
150 
150 
172 
208 
179 
258 


Bonfil et al., 1993 
Natanson et al., 1995 
Hazin et al., 2000 

Pratt, 1979 

Branstetter et al., 1987 
Branstetter et al., 1987 
Lessa et al., 1999 
Sminkey and Musick, 1995 
Moreno and Mordn, 1992 


Stevens, 1983 


‘ Indicates species/gender whose mean lengths were below reported maturity size. 


2 N/A = not available. 


brought aboard for actual measurement 
by observers, using only actual measure- 
ments to determine mean fork lengths 
might result in smaller mean sizes being 
estimated than those actually occurring 
in the fishery. 

For most of the species, mean fork 
lengths estimated from the combined data 
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were greater than those obtained from 
actual measurements only. Even then, 
mean lengths were still clearly below the 
reported size at maturity (for both males 
and females) in silky, dusky, night, tiger, 
and oceanic whitetip sharks. For the three 
most common species (silky, dusky, and 
night sharks) greater than 95% of the 


observed catch consisted of immature 
individuals (Fig. 4). 

Gear selectivity should be considered 
when examining length data derived from 
longline observation. The gear type used 
by U.S. pelagic longline fishermen con- 
sists largely of monofilament. Although 
many authors have reported length infor- 


a Silky 5 20 Dusky 
Yj = n=313 
A n = 842 15 
Fork length (cm) 
Night 20 | Blue 
$ j n = 406 315 n= 376 
| 
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222 243 111 
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N/A 47 198 
24 43 156 pee 
34 71 173 eee 
24 34 100 
27 44 100 ee 
26 36 149 
10 19 156 ance 
N/A 21 192 
38 39 186 
21 22 175 ae 
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mation from sharks taken by monofila- 
ment longline gear, few have discussed 
the possibility that the mean lengths and 
length frequencies constructed from 
catch data may not be representative of 
the actual length characteristics of the 
population. 

Hoey (1983b) believed that most 
“lost hooks” or “bite offs” (a gangion 
that is retrieved without the hook, the 
monofilament having been broken or 
cut in some way) were a result of sharks 
taking the bait, and all such incidences 
were recorded in his data as “unidentified 
sharks.” Because it seems reasonable to 
assume that larger and stronger sharks 
would stand a greater chance of severing 
the monofilament gangion, the observed 
catch data could be biased in favor of 
smaller sharks. 

Berkeley and Campos (1988) provided 
the only evidence available that the size 
and characteristics of sharks are not 
influenced by the use of monofilament 
gangions. These authors used steel gan- 
gions for 20-25% of the hooks set during 
the first 13 sets of their 11 1-set study and 
found no significant differences in either 
the species composition or the mean 
size of the shark catch between the two 
gangion types. 

We suggest, however, that given the 
common occurrence of gangion “bite 
offs”, it is likely that size selectivity is 
occurring in the fishery. Such selectivity 
shouid be detected by analysis of catches 
from gangions of various strengths. Pre- 
liminary comparisons of the observed 
size of silky sharks captured on gangions 
of two different breaking strengths, 135 
kg (300-Ib) test and 180 kg (400-Ib) test, 
have shown that significantly larger silky 
sharks were observed on gear utilizing 
the stronger gangions (Beerkircher*). The 
relationship between catch lengths and 
gangion size should be explored further 
as it may have important implications 
when examining long-term changes in 
catch size distributions. 

ANOVA results indicate significant 
fork length differences among quarters 
for silky (F=6.51; df=3, 839; P<0.0001), 


3Beerkircher, L. Unpubl. data on file at South- 
east Fisheries Science Center, NMFS, NOAA, 
Miami, FL 33149. 


Table 6.— Regression results of mean yearly CPUE series for sharks observed In the pelagic longline fishery off the 
southeastern U.S., 1992-2000. Only species with statistically significant results (P < 0.05) are shown. SE=standard 


error. 


Species Series type 


R2 


Slope SE of slope P 


Night Variance-weighted 
Non-weighted 
Variance-weighted 
Non-weighted 
Variance-weighted 
Non-weighted 


Oceanic whitetip 


Sandbar 


-3.782 
0.309 
3.684 

0.051 
3.688 

0.033 


1.188 
0.068 
1.112 
0.009 
1.508 
0.044 


0.003 


dusky (F=7.55; df=3, 309; P<0.0001), 
night, (F=8.34; df=3, 402; P<0.0001), 
oceanic whitetip (F=9.00; df=3, 111; 
P<0.0001), and sandbar (F=4.61; df=3, 
93; P<0.0047) sharks. Post-hoc tests on 
silky, dusky, and sandbar sharks indicated 
that significantly smaller individuals 
were observed during the fourth quarter 
(October-December) compared to the 
rest of the year. 

For the silky shark, these data, coupled 
with the length-frequency results (Fig. 4) 
indicating that few silky sharks at or 
below the reported size of neonates (60 
cm or less; Bonfil et al., 1993) were ob- 
served in the study area, are consistent 
with Springer’s (1967) hypothesis that 
silky shark neonates may stay near reefs 
on the outer shelf until they have grown 
large enough to move to pelagic habi- 
tats. This movement probably occurs by 
the first winter after a late spring—early 
summer pupping season (Branstetter, 
1987). The quarterly ANOVA result of 
a smaller mean size observed in quarter 
4 could reflect the yearly rnovement of 
small young-of-the-year silky sharks into 
the pelagic habitat. 


Yearly and Quarterly CPUE 


For elasmobranchs as a group, yearly 
mean nominal CPUE was 12.04 elas- 
mobranchs per 1,000 hooks, ranging 
from 8.67 (1996) to 14.99 (1998). For 
individual species, bootstrapped esti- 
mates of yearly mean CPUE were highly 
variable (Fig. 5), yet variance-weighted 
regression analysis indicated a significant 
decrease for night sharks (P<0.015), 
and a significant increase for oceanic 
whitetip (P<0.013) and sandbar sharks 
(P<0.044). However, regression analy- 
sis of non-weighted data for these three 
species produced slopes contrary to the 
weighted results (results not significant 
for sandbar) (Table 6). 


For night sharks, we suggest the 
analyses are confounded by species 
identification problems. The weighting 
procedure used the inverse of the vari- 
ance as a weight; thus, CPUE from years 
when observations were very rare and 
consequently had a low variance (such 
as 1992, 1993, and 1994 when only 1, 
2, and 13 night sharks were observed, 
respectively) were weighted more heav- 
ily than CPUE from years when greater 
numbers were observed. 

The weighting procedure we used 
assumes yearly variance is an estimate 
of precision, an assumption that is incor- 
rect if species identification problems 
resulted in the low numbers of night 
sharks observed in the first few years. 
Sharks in the genus Carcharhinus are 
difficult to identify; we believe that 
these difficulties were likely more pro- 
nounced during the early years of the 
observer program before both observers 
and observer trainers gained experience 
with the variety of shark species encoun- 
tered by this fishery. No such problem 
is suspected for the oceanic whitetip, 
where the large, rounded white-tipped 
fins present even an inexperienced ob- 
server with little identification difficulty. 
If the yearly variance in this case is a 
reasonable estimate of precision, the 
analysis suggests an increasing trend 
in the relative abundance of oceanic 
whitetips sharks. 

These results serve to illustrate the 
substantial effect that weighting can 
have on the analysis of CPUE time 
series data. This is a common problem 
in stock assessment, where the choice of 
weights is an area of intense debate. The 
contradictory results of the nonweighted 
and weighted yearly CPUE regressions 
also need to be considered in view of the 
speculative nature of the relationship be- 
tween CPUE and actual abundance. 
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Figure 5. — Bootstrapped estimates by species of yearly mean catch per unit effort (CPUE) expressed as number caught per 1,000 
hooks, 1992-2000. Vertical bars represent bootstrap 95% confidence limits. 


Yearly CPUE trends, even highly 
significant ones, might not be indicative 
of real population change, but merely 
a result of spatial or gear changes in 
observed fishing effort. Additional years 
of data may help clarify any significant 
changes in CPUE; however, a more 
rigorous analytical approach, such as 
application of Generalized Linear Model- 
ing, may also serve to account for factors 
not related to abundance but affecting 
CPUE. 
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To detect possible seasonal trends in 
CPUE, we analyzed the observer data by 
quarter. Quarterly overall elasmobranch 
CPUE varied from a high of 13.79 during 
quarter 2 (April-June) to a low of 9.73 
in quarter 3 (July—Sept.), but the only 
significant (P<0.004) relationship was 
that elasmobranch CPUE in quarter 2 
was greater than that in quarters 3 and 
4 (Oct.-Dec.). For individual species, 
significant quarterly variation in CPUE 
was found for silky, night, blue, oceanic 


whitetip, rays, sandbar, and shortfin mako 
sharks (Table 7). 

The higher relative abundance of blue 
sharks seen in quarters | and 2 reflects the 
occurrence of this species in the northern 
part of the study area (SAB) during the 
winter and spring. During these seasons 
the ocean temperature in the area (outside 
the Gulf Stream) is closer to the preferred 
temperature range of 10-20°C for blue 
sharks (Castro, 1983). In contrast to the 
blue shark, relative abundance of oceanic 
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Table 7.— Quarterly CPUE (numbers per 1,000 hooks) and significant relationships observed in the pelagic longline 


fishery off the southeastern U.S., 1992-2000. 


Table 8.— Overall nominal CPUE (numbers caught per 
1,000 hooks) off the southeastern U.S. Data for 1981-83 


CPUE 


are from Berkeley and Campos (1988); 1992-2000 data 
are from this present study. 


Species 


Quarterly relationship(s) CPUE 


Silky 

Dusky 

Night 

Blue 
Unidentified 
Tiger 

Scalloped hammerhead 
Oceanic whitetip 
Rays 

Sandbar 

Bigeye thresher 
Shortfin mako 


4>2 Species 


Silky 

Dusky 

Night 

Blue 
Unidentified 
Tiger 

Scalloped hammerhead 
Oceanic whitetip 
Sandbar 

Bigeye thresher 
Shortfin mako 


1981-83 1992-2000 


3.49 


4>3>1,2 
4,3,1>2 
2>1,4 


1>2,3,4 


whitetips was greater in quarter 3, and par- 
ticularly quarter 4, which may reflect this 
species’ preference for warmer waters. 

Relative abundance of night sharks 
was higher in quarters 1 and 2. This 
increase in night shark abundance from 
January through June was also described 
by Guitart-Manday (1975) for a fishery 
off the northwestern coast of Cuba. 
Relatively little is known about this 
species, and no published information 
is available that might help to explain 
the decrease in night shark abundance 
during July-December. Night sharks 
may remain in the study area but feed 
at greater depths than fishing occurs, or 
possibly migrate outside of the study 
area. 

A paucity of comparable historical 
CPUE data for the study area makes 
comparisons with recent catch rates 
difficult. Berkeley and Campos (1988) 
provided the only fishery-dependent, 
but limited, observations of shark catch 
on similar gear during the early 1980’s. 
Comparisons of overall nominal CPUE 
for sharks between the two sets of data 
are shown in Table 8. Large declines in 
relative abundance are seen for silky, 
night, and scalloped hammerhead sharks, 
and moderate increases are seen in dusky 
and blue sharks. 

It should be noted, however, that sev- 
eral sampling differences exist between 
the two studies. Berkeley and Campos 
(1988) observed trips on vessels only 
in the Florida Straits (about lat. 25°N to 
28°N), and there were at least some sets 
made in the Bahamian EEZ. The majority 
of the 111 sets made in the 1988 study 
were from a single vessel. Such signifi- 


Table 9.—Sex ratios of elasmobranchs observed in the pelagic longline fishery off the southeastern U.S., 1992- 
2000. 


Sample size Ratio 


Species Male Female Female Total no. 


Silky 627 ; 1.4 1,080 
Dusky 231 2 1.0 467 
Night 212 : 0.9 455 
Blue 61 : 28 83 
Tiger 49 i 2.0 74 
Scalloped hammerhead 76 1.7 
Oceanic whitetip 46 fg 1.4 
Rays 15 J 0.6 
Sandbar 20 0.5 
Bigeye thresher 19 0.8 
Shortfin mako 23 ‘ 0.6 


cant spatial and vessel differences reduce 
direct comparability with the present data 
set, which is drawn from a much larger 
area and sampling effort from 65 differ- 
ent vessels. 

An obvious spatial effect is the greater 
relative abundance of blue sharks noted 
in the present study. Blue sharks may be 
found in high numbers at certain times of 
the year in the South Atlantic Bight, but 
they are rarely seen in the warm waters 
between Florida and the Bahamas. It is 
possible that these or other biases also 
explain the other notable differences 
between the 1980’s and 1990’s data, but 
they may, in some cases, be indicative of 
real population deciines. 


Sex Ratio 


Females dominated the catch for silky, 
blue, tiger, scalloped hammerhead, and 
oceanic whitetip sharks (Table 9). The 
gender dominance of female silky, scal- 
loped hammerhead, and tiger sharks was 
observed previously in this area (Berke- 
ley and Campos, 1988). Springer (1963), 
however, in data from an inshore bottom 


longline fishery, observed a more mixed 
(1:1) sex ratio for tiger sharks. These 
gender ratio differences for tiger sharks in 
different habitats may indicate the occur- 
rence of some degree of gender segrega- 
tion based on habitat type. The observa- 
tion that female blue sharks were caught 
almost three times as often as males is 
consistent with reports of gender-biased 
segregation in this species (Pratt, 1979; 
Nakano and Nagasawa, 1996). 

Analysis of the sex ratio by quarters 
indicated that although female silky 
sharks dominated in all quarters, there 
were significantly more males observed 
during the third quarter (y?= 9.71, df=3, 
P>0.05). Significant differences in sex 
ratios among quarters were also found for 
the blue shark, but the very low numbers 
of individuals observed during quarters 3 
and 4 preclude any meaningful conclu- 
sions regarding seasonal distributions of 
the sexes. 


Conclusions 


Analysis of 9 years of observer bycatch 
data indicates that the characteristics of 
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sharks using the pelagic habitat off the 
southeastern United States vary greatly 
depending on the species, year, and 
season. The various degrees of seasonal 
abundance seen in these data are probably 
a reflection of the seasonal north-south or 
inshore-offshore migrations displayed by 
many species. Of concern is the indication 
that relative abundance of several shark 
species that utilize the pelagic habitat off 
the southeastern United States may have 
declined in the last 2 decades, and that 
the bulk of bycatch mortality was borne 
by individuals below size-at-maturity. For 
several of the observed species, examina- 
tion of catch status suggests that bycatch 
mortality is not prevented by retention 
prohibitions. 

While longline gear selectivity and a 
paucity of long-term, standardized catch 
and effort data may affect the robustness 
of inferences that can be drawn regarding 
population trends, these data serve as 
an important baseline for future shark 
surveys. Large portions of the study 
area have recently been closed to pelagic 
longline fishing to protect undersized 
swordfish, and the shark populations 
in this area may also benefit from these 
closures. However, area closures may 
not be effective when large portions 
of the populations they are designed to 
protect migrate into other areas where 
they are subject to fishing mortality. 
Since most of the sharks observed in 
this study are highly migratory in nature, 
close monitoring of this and surrounding 
areas will be needed for evidence that 
relatively small closures may benefit 
these populations. 
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Spatial and Temporal Distribution of Sea Turtles 
in the Western North Atlantic and the U.S. Gulf of Mexico 
from Marine Recreational Fishery Statistics Survey (MRFSS) 


JOANNE BRAUN-McNEILL and SHERYAN P. EPPERLY 


Introduction 


Limited data exist on sea turtle (Chelo- 
niidae and Dermochelydae) distributions 
and seasonal patterns of movement, 
knowledge which can aid conservation 
managers in their efforts to protect sea 
turtles from potentially harmful human 
interaction (National Research Coun- 
cil, 1990). Systematic surveys (aerial, 
shipboard, strandings), in addition to op- 
portunistic sightings by fishery observers 
and the general public, have been used 
to gather these important distributional 
data. 

Since large areas can be covered in a 
relatively short time frame, aerial surveys 
are widely used (National Research 
Council, 1990; Henwood and Epperly, 
1999). Although not as widely used, ship- 
board surveys also have been employed 
to obtain sea turtle seasonal distributions 
in areas up to 50 miles offshore (Lee and 
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Palmer, 1981; Shoop and Kenney, 1992). 
Since 1980, the NOAA, National Marine 
Fisheries Service (NMFS), Sea Turtle 
Stranding and Salvage Network (STSSN) 
has been documenting the strandings of 
sea turtles along the U.S. Gulf of Mexico 
and Atlantic coasts (Schroeder, 1989) 
which can provide some insight into the 
spatial and temporal patterns of sea turtle 
distribution. 

Sea turtle distribution also can be 
obtained through opportunistic observa- 
tions of sea turtles. Recaptures of tagged 
turtles can provide valuable data on mi- 
gration and seasonal distribution patterns 
(Henwood, 1987; Henwood and Ogren, 
1987). Observers on commercial fish- 
ing vessels record position data for sea 
turtles incidentally captured in fishing 
gear, as well as for opportunistic ocean 
sightings (Henwood, 1987; Henwood and 
Ogren, 1987). Surveys of people likely to 
encounter sea turtles (recreational anglers 
and boaters, commercial fishermen) Jike- 
wise have provided useful information 
regarding the distribution and movements 
of sea turtles (Carr et al., 1982; Epperly 
et al., 1995b). 

Another potential source of such data 
is the NMFS Marine Recreational Fish- 


ery Statistics Survey (MRFSS) (http:// 
www.st.nmfs.gov/stl/recreational/). In 
1979, the NMFS initiated the MRFSS 
to estimate the impact of marine rec- 
reational fishing on marine resources 
along the Atlantic and Gulf of Mexico 
coasts of the United States (Essig and 
Holliday, 1991). Recreational fishing 
activity data are collected by interviewing 
a sample of recreational anglers fishing 
in coastal and ocean waters throughout 
the United States, with the exception of 
Texas which conducts a comparable, but 
separate, survey. 

In 1991 and 1992, the MRFSS pro- 
vided synoptic data on the spatio-tem- 
poral distribution of sea turtles by asking 
recreational anglers if they had observed 
a sea turtie on their fishing trip. This 
was the first such source of information 
covering the entire U.S. Atlantic and Gulf 
of Mexico coasts simultaneously. From 
those reported observations, we describe 
relative changes in seasonal abundance of 
sea turtles along both coasts. 


Methods 


The MRFSS utilizes, in part, inter- 
views of anglers at fishing access sites as 
they return from their fishing trips (Essig 


ABSTRACT — Systematic surveys, along 
with opportunistic sightings, have provided 
important information on sea turtle (Che- 
loniidae and Dermochelydae) distributions, 
knowledge which can help reduce the risk 
of harmful human interaction. In 199] and 
1992, the Marine Recreational Fishery Sta- 
tistics Survey (MRFSS) of the National Ma- 
rine Fisheries Service, NOAA, provided a 
unique opportunity to gain additional, syn- 
optic information on the spatial and tempo- 


ral distribution of sea turtles along the U.S. 
Atlantic and Gulf of Mexico coasts by asking 
recreational anglers if they had observed a 
sea turtle on their fishing trip. During the 
spring and summer months of those years, 
as water temperatures warmed, the MRFSS 
documented an increase in sea turtle sight- 
ings in inshore waters and in a northward 
direction along the U.S. Atlantic Coast and 
in a westward direction along the northern 
Gulf of Mexico. This pattern reversed in 


the late summer and fall months as water 
temperatures cooled, with sea turtles con- 
centrating along Georgia and both coasts 
of Florida. Although the MRFSS did not 
provide species or size composition of sea 
turtles sighted, and effort varied depending 
upon location of fishing activity and time of 
year anglers were queried, it did provide an 
additional and useful means of ascertain- 
ing spatial and temporal distributions of 
sea turtles along these coasts. 
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and Holliday, 1991). Intercept interviews 
are used to collect catch and demographic 
data from anglers who have just com- 
pleted a fishing trip from different modes 
of fishing: a charter/headboat, a private/ 
rental boat, or from shore (pier, beaches, 
banks). As anglers complete their fish- 
ing trip they are asked to name the body 
of water in which they conducted most 
of their fishing activity and the number 
of hours that they fished. Bays, inlets, 
rivers, and sounds are scored as inshore 
waters. If they fished in the ocean, they 
are asked if they fished within (nearshore) 
or beyond (offshore) 5.6 km of shore. 

Sampling effort along the gulf coast 
of Florida included inshore and offshore 
areas only. Sampling was conducted all 
days of the week, but most (75%) of the 
effort was on weekends and holidays. 
Due to low fishing effort, sampling was 
not conducted during January-February 
on the Atlantic coast north of Florida 
(except for North Carolina), and No- 
vember—December for New Hampshire 
and Maine. 

Sampling is stratified by state, mode 
of fishing, and wave (2-month sampling 
period) each year with a minimum of 
30 interviews in each stratum. Interview 
effort may exceed this minimum, based 
on the average estimated fishing effort 
of the previous 3 survey years. Survey 
sampling sites, although randomly se- 
lected, are weighted by expected fishing 
activity. 

Beginning in 1989, individuals fishing 
in North Carolina were asked if they had 
sighted sea turtles during their fishing 
trip. They were not asked to enumerate or 
identify the turtles sighted, just to indicate 
presence or absence of sea turtle sightings 
during their fishing trip. Multiple anglers 
on the same fishing boat or individual 
anglers on piers or jetties might report 
the same turtle. 

In 1991 and 1992, this question was 
asked in all states participating in the 
MREFSS, which includes all states along 
the Atlantic and Gulf of Mexico coasts 
of the United States (excluding Texas). 
This question was not included in surveys 
after 1992. 

After combining the data from both 
years, we calculated sightings per unit 
of effort (SPUE) for each state by divid- 
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Figure 1.—Frequency distribution of sea turtles sighted by recreational anglers 
interviewed along the U.S. Atlantic coast during intercept interviews of the Marine 
Recreational Fishery Statistics Survey, 1991-92. Total number of sea turtle sight- 
ings/1,000 hours fished are given bimonthly for each state. Absence of data indicates 
no anglers were interviewed. I=Inshore; N=Nearshore; O=Offshore. 


ing the total number of turtles sighted 
by the total number of hours fished for 
each wave (bimonthly period) and in 
each area. Sightings from charter, pri- 
vate/rental, and headboats may include 
those turtles sighted during transit time; 
however, since total number of hours 
fished (used to calculate SPUE) does not 
include transit time, this may result in an 
overestimation of these sightings. 


Results 


The Marine Recreational Fishery 
Statistics Survey for the U.S. Atlantic 
and Gulf of Mexico states (excluding 
Texas) interviewed 74,007 anglers in 
1991 and 90,596 in 1992, representing a 


total of about 700,000 h of fishing activ- 
ity (Tables 1, 2). Of these anglers, about 
4.5% reported sighting a live sea turtle 
while fishing. 


US. Atlantic Sightings 
January-February 


During January and February, sea 
turtles were observed in North Caroli- 
na’s nearshore waters and in Florida’s 
nearshore and offshore waters (Table 1, 
Fig. 1). However, MRFSS survey effort 
was lacking in all other states. The 
sighting rates of sea turtles was greatest 
in the nearshore and offshore waters of 
Florida. 
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Table 1.—Effort of recreational anglers interviewed along the Atlantic Coast during intercept interviews of the Marine Recreational Fishery Statistics Survey, 1991-1992. Total 


number of hours fished and interviews (in parentheses) are given bimonthly for each state and area fished. Absence of data indicates no survey effort. 


Total number of hours fished (number of interviews) 


Distance 
State from shore 


Jan-Feb 


Mar-Apr 


May-Jun 


Jul-Aug 


Sep-Oct 


Nov-Dec 


Maine Inshore 28.0 (15) 412.0 (148) 936.0 (326) 593.5 (213) 
Nearshore 82.5 (41) 210.0 (80) 639.0 (213) 332.5 (116) 
Offshore 469.5 (102) 832.0 (192) 1009.5 (262) 537.5 (118) 
New Hampshire Inshore 13.0 (9) 299.5 (88) 627.5 (154) 161.0 (58) 
Nearshore 63.5 (36) 190.0 (76) 178.0 (58) 220.5 (76) 
Offshore 796.5 (181) 734.5 (173) 720.0 (179) 381.0 (77) 
Massachusetts Inshore 666.5 (247) 3,632.5 (1078) 6,607.5 (1835) 5,895.5 (1567) 1,103.5 (325) 
Nearshore 361.0 (127) 4,003.5 (1223) 7,687.5 (2354) 5,373.0 (1456) 469.5 (165) 
Offshore 923.5 (213) 3,142.5 (663) 3,791.5 (943) 2,677.5 (582) 690.5 (142) 
Rhode Island Inshore 426.0 (131) 2,836.0 (870) 4,096.0 (1241) 3,841.0 (1066) 609.5 (153) 
Nearshore 81.0 (34) 559.0 (140) 2,531.0 (698) 2,297.5 (586) 723.5 (187) 
Offshore 694.0 (138) 1,089.0 (218) 2,835.0 (553) 3,043.5 (566) 1,077.0 (188) 
Connecticut Inshore 684.5 (190) 4,090.0 (1200) 7,152.0 (1918) 4,962.0 (1389) 645.5 (176) 
Nearshore 30.0 (4) 7.0 (2) 
Offshore 278.5 (70) 424.5 (81) 455.0 (85) 353.0 (54) 28.5 (9) 
New York Inshore 6,074.5 (1459) 12,826.0 (3085) 18,838.0 (4566) 14,474.5 (3531) 3,361.0 (864) 
Nearshore 1,464.5 (309) 3,499.5 (792) 4,656.5 (1016) 5,739.0 (1241) 3,547.0 (725) 
Offshore 464.0 (81) 1,402.0 (212) 2,684.5 (419) 2,220.5 (320) 818.5 (151) 
New Jersey Inshore 1,125.5 (295) 4,784.5 (1219) 6,250.0 (1536) 6,557.0 (1785) 1,113.0 (314) 
Nearshore 163.5 (40) 3,154.5 (735) 5,186.0 (1271) 11,901.5 (2923) 4,631.0 (1094) 
Offshore 890.0 (153) 2,063.0 (498) 2,949.0 (568) 2,017.0 (370) 630.0 (131) 
Delaware Inshore 802.0 (248) 6,428.0 (1350) 10,928.0 (2396) 4,327.5 (919) 604.5 (183) 
Nearshore 46.0 (15) 235.0 (54) 552.0 (114) 489.0 (102) 311.0 (76) 
Offshore 688.5 (165) 849.5 (155) 2,065.0 (290) 532.0 (79) 250.0 (53) 
Maryland Inshore 2,016.5 (567) 5,047.5 (1269) 6,960.0 (1675) 5,467.5 (1309) 494.0 (159) 
Nearshore 39.5 (15) 96.0 (26) 158.0 (49) 105.0 (30) 163.5 (48) 
Offshore 557.5 (166) 365.5 (94) 1,037.5 (205) 287.5 (76) 285.5 (87) 
Virginia Inshore 1,502.0 (348) 5,860.5 (1225) 4,926.5 (1033) 3,935.5 (754) 1,030.5 (261) 
Nearshore 460.5 (101) 1,097.5 (243) 1,308.0 (303) 569.0 (141) 62.0 (18) 
Offshore 486.0 (111) 790.0 (164) 882.0 (167) 718.0 (107) 364.5 (72) 
North Carolina Inshore 18.5 (5) 1,098.0 (295) 6,630.5 (1601) 4,717.2 (1101) 7,450.5 (1675) 3,095.0 (699) 
Nearshore 543.0 (197) 5,938.0 (1443) 19,301.5 (4377) 17,911.8 (4163) 17,716.5 (3891) 10,285.0 (2402) 
Offshore 2,717.0 (438) 12,932.0 (2074) 12,329.0 (1953) 11,420.0 (1847) 1,726.5 (283) 
South Carolina Inshore 843.0 (218) 2,419.3 (468) 2,142.0 (461) 1,794.8 (368) 2,398.5 (502) 
Nearshore 397.8 (75) 942.5 (189) 736.5 (145) 904.5 (191) 479.5 (94) 
Offshore 728.5 (104) 1,215.5 (194) 1,587.0 (232) 1,310.0 (196) 444.5 (86) 
Georgia Inshore 2,240.5 (647) 2,375.5 (618) 1,916.5 (493) 2,428.5 (560) 2,679.5 (625) 
Nearshore 171.5 (41) 208.0 (53) 390.5 (90) 191.0 (54) 242.0 (51) 
Offshore 180.0 (38) 742.5 (144) 679.0 (129) 144.0 (30) 12.0 (2) 
Florida—East Coast Inshore 3,932.5 (1153) 4,361.0 (1353) 4,940.0 (1369) 3,243.0 (937) 3,690.0 (1026) 5,220.0 (1546) 
Nearshore 3,113.5 (810) 4,032.5 (1190) 3,511.5 (890) 5,883.0 (1584) 3,296.0 (839) 2,968.5 (791) 
Offshore 1,899 (380) 2,657.5 (597) 4,365.0 (982) 5,776.5 (1251) 2,249.0 (480) 1,252.5 (272) 


March-April 


During this period, MRFSS surveys 
were conducted from Florida to Maine. 
However, sighting rates were highest 
from the southern states (North Carolina 
to Florida), in particular, from Florida’s 
nearshore and offshore waters (Table 1, 
Fig. 1). Sea turtles were observed in 
inshore waters as far north as New York, 
but in relatively low numbers. The most 
notable exception was Georgia, where 
the sighting rate of sea turtles in inshore 
waters was comparable to South Caro- 
lina, Georgia, and Florida nearshore and 
offshore sighting rates (Fig. 1). Although 
anglers from New York, New Jersey, 
Delaware, and Maryland only reported 
sea turtle sightings from inshore waters, 


fishing effort there was considerably 
higher than in the nearshore or offshore 
waters (Table 1). 


May-June 


Sea turtle sighting rates during May 
and June increased considerably from 
New Jersey to Florida with some near- 
shore and offshore sightings reported 
from as far north as Rhode Island and 
Massachusetts (Fig. 1). Inshore sightings 
had progressed north to Connecticut, but 
sighting rates were highest in Georgia 
and Florida. Nearshore sighting rates 
increased substantially in Virginia (from 
4.3 to 23.7), North Carolina (from 2.9 to 
15.6), South Carolina (from 7.5 to 30.8), 
and Georgia (from 0.0 to 33.7). Offshore 
sighting rates increased in Georgia, 


South Carolina, and North Carolina, and 
turtles were reported for the first time in 
Virginia, Maryland, Delaware, and New 
Jersey’s offshore waters. It is interesting 
to note that Maryland’s offshore sighting 
rates were exceeded only by Georgia’s 
and Florida’s. 


July-August 


With the exception of New Hampshire, 
sea turtles were observed from Maine 
to Florida during July and August and 
were reported from the inshore waters of 
Massachusetts and Rhode Island for the 
first time (Fig. 1). The highest sighting 
rate for inshore waters occurred in New 
Jersey, Delaware, Virginia, Georgia, and 
Florida; however, inshore sighting rates 
from Georgia and Florida decreased by 
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Table 2.—Effort of recreational anglers interviewed along the Gulf Coast during intercept interviews of the Marine Recreational Fishery Statistics Survey, 1991-92. Total 
number of hours fished and interviews (in parentheses) are given bimonthly for each state and area fished. Absence of data indicates no survey effort. Texas is not included 
In the survey. 


Total number of hours fished (number of interviews) 


Distance 


State from shore Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct 


Nov—Dec 


Louisiana Inshore 2,352.0 (623) 2,990.0 (697) 4,076.0 (991) 3,255.0 (769) 4,173.0 (967) 4,929.0 (1055) 
Nearshore 854.0 (193) 1,552.5 (326) 1,794.0 (383) 3,114.5 (705) 1,427.0 (306) 452.5 (99) 
Offshore 436.5 (89) 986.0 (183) 1,179.0 (196) 1,102.5 (198) 1,311.5 (247) 258.5 (51) 
Mississippi Inshore 436.5 (160) 1,333.0 (383) 1,307.0 (296) 1,648.0 (382) 1,903.5 (455) 983.5 (258) 
Nearshore 231.0 (71) 479.5 (134) 1,271.0 (325) 534.5 (140) 802.0 (219) 715.0 (216) 
Offshore 182.5 (35) 395.0 (73) 1,136.0 (193) 2,564.5 (398) 1,850.5 (313) 413.5 (106) 
Alabama Inshore 261.0 (83) 572.5 (193) 575.5 (130) 327.5 (94) 419.5 (115) 791.0 (213) 
Nearshore 596.0 (179) 974.5 (278) 1,122.0 (275) 1,313.0 (341) 889.0 (241) 622.5 (162) 
Offshore 559.5 (150) 933.5 (228) 1,860.5 (437) 1,615.0 (345) 1,827.0 (425) 1,093.0 (286) 
Florida—West Coast Inshore 4,906.0 (1385) 5,844.5 (1577) 5,049.5 (1370) 3,183.1 (816) 5,712.5 (1501) 5,464.0 (1414) 
Nearshore 
Offshore 5,795.5 (1304) 8,765.0 (2038) 9,045.5 (2108) 7,042.5 (1649) 8,555.5 (2019) 5,725.5 (1408) 


50% or more from the previous wave 
(bimonthly period). Sea turtles were 
sighted for the first time in the nearshore 
waters of Rhode Island, Delaware, and 
Maryland. Offshore sighting rates in New 
Jersey, Maryland, and Virginia were only 
slightly lower than off Georgia. 


September—October 


There was a notable decrease in sea 
turtle sighting rates during September 
and October for most of the northern 
states (Maine to Virginia) and a shift 
from inshore to offshore sightings, with 
a few notable exceptions (Fig. 1). While 
most states showed a decrease in inshore 
sighting rates, Delaware showed an in- 
crease, surpassing all other states, despite 
a decrease in fishing effort. Maine, Mas- 
sachusetts, New York, and Delaware had 
slight to moderate increases in nearshore 
sighting rates, but the greatest sighting 
rates were from Virginia southward. Fi- 
nally, all states north of North Carolina 
showed decreases in offshore sighting 
rates with the exception of Delaware 
which showed a slight increase. 


November—December 


With a few exceptions, no sea turtles 
were sighted north of North Carolina 
during this period (Fig. 1). (No MRFSS 
survey effort was present in Maine, New 
Hampshire, or the nearshore waters of 
Connecticut.) Sea turtle sighting rates de- 
creased in inshore and nearshore waters 
from North Carolina to Florida. Offshore 
sighting rates from North and South 
Carolina increased, but they decreased 
from Georgia and Florida; however, only 
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two anglers fishing in Georgia’s offshore 
waters were queried (Table 1). 


U.S. Gulf of Mexico Sightings 
January-February 


Sea turtles were sighted only in the 
offshore waters of Florida and Alabama, 
and the inshore waters of Florida during 
January and February (Fig. 2). Offshore 
sighting rates from Florida (29.2) and 
Alabama (21.4) were almost ten-fold 
greater than Florida’s inshore rates (4.7). 
There was no MRFSS survey effort in 
Florida’s nearshore waters. 


March-April 


Sea turtles were sighted in all areas 
during this period except Mississippi in- 
shore waters (Fig. 2). Sighting rates were 
greater in the eastern Gulf of Mexico 
than the western; Florida had the highest 
inshore sighting rates followed by Ala- 
bama. Sighting rates from Florida (28.0) 
and Alabama (15.0) offshore waters 
exceeded those from both Mississippi 
(10.3) and Louisiana (1.0). 


May-June 


Sea turtle sighting rates increased or 
remained comparable from previous 
months in all areas (Fig. 2). Offshore 
sighting rates from all states exceeded 
their nearshore and inshore sighting 
rates. Mississippi nearshore sighting 
rates (11.8) had increased nearly ten- 
fold from the previous months (2.1) and 
exceeded all other states’ inshore and 
nearshore waters sighting rates. Sighting 
rates from Louisiana were less than those 


from any other Gulf state for all waters 
and remained relatively unchanged or 
only slightly increased from the previous 
months’ sighting rates. 


July-August 


With a few exceptions, sighting rates 
decreased for all waters during this period 
(Fig. 2). Sighting rates from Florida 
inshore waters greatly exceeded inshore 
sighting rates from any other Gulf state. 
Alabama had a 50% reduction in its 
nearshore sighting rates from the previ- 
ous wave while Mississippi nearshore 
sighting rates dropped from 11.8 to 0. 
Although sighting rates from Louisiana 
offshore waters had increased slightly 
from the previous wave, they were still 
less than 50% of the sighting rates from 
either Alabama or Florida offshore 
waters. 


September—October 


Sighting rates decreased again for all 
states in all waters with the exception of 
Mississippi nearshore and Louisiana and 
Alabama inshore waters which showed 
increases (Fig. 2). Interestingly, Alabama 
and Louisiana inshore sighting rates 
peaked during this time period when most 
of the other states and other areas weve 
demonstrating a reduction in sea turtle 
sighting rates. 


November—December 


Sea turtles were sighted only in the 
offshore waters of Florida and Alabama, 
the inshore waters of Florida, and the 
nearshore waters of Mississippi during 
this period. These were very similar to 
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the sighting patterns from January and 
February (Fig. 2). Sighting rates from 
all states and all waters had decreased 
again in November and December with 
the exception of Alabama which had an 
increase in its offshore sighting rate. 


Discussion 


Atlantic 


With the exception of most states 
during January and February, and Maine 
and New Hampshire in November and 
December, MRFSS survey effort was 


Jan. — Feb. 


present along U.S. Atlantic coast states at 
all times for ail waters. As waters warmed 
during the spring and early summer 
months (March—June), sea turtle sighting 
rates increased in a northward direction 
and into nearshore and inshore waters. 
This pattern was reversed during the late 
summer and fall months (July—October), 
presumably as waters cooled. 

Aerial surveys conducted along the 
U.S. Atlantic coast from Florida to 
Massachusetts (Witzell and Azarovitz, 
1996), as well as those conducted along 
the northeastern (Shoop and Kenney, 
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Figure 2.—Frequency distribution of sea turtles sighted by recreational anglers 
interviewed along the U.S. Gulf of Mexico coast during intercept interviews of the 
Marine Recreational Fishery Statistics Survey, 1991-92. Total number of sea turtle 
sightings/1,000 h fished are given bimonthly for each state. Absence of data indi- 
cates no anglers were interviewed. Texas is not included in the survey. I=Inshore; 


N=Nearshore; O=Offshore. 


1992) and southeastern United States 
(Thompson and Huang, 1993; Musick et 
al., 1994; Thompson’), revealed a similar 
pattern of movement. Sighting densities 
increased during the spring and summer 
months (Shoop and Kenney, 1992; 
Thompson and Huang, 1993; Witzell and 
Azarovitz, 1996; Thompson!). By the 
spring, loggerhead sea turtles, Caretta 
caretta, were sighted as far north as 
Delaware Bay and leatherback sea turtles, 
Dermochelys coriacea, were more 
widely distributed farther north (Shoop 
and Kenney, 1992). Aerial surveys of 
the Middle Atlantic States demonstrated 
densities of loggerheads to be greatest 
south of Cape Hatteras in April but by 
May, densities were highest north of 
the Cape (Musick et al., 1994). During 
the summer, sightings documented by 
aerial surveys increased but were more 
concentrated in certain areas. Sea turtles 
in the northern part of the United States 
were mainly distributed between Cape 
Hatteras, N.C., and Long Island, N.Y., 
(Shoop and Kenney, 1992) while surveys 
in the southeastern United States waters 
revealed sea turtles mainly distributed off 
Florida (Thompson and Huang, 1993; 
Thompson'). By fall, sightings had de- 
creased with most sea turtles observed in 
the southern part of the study area, with 
a more random distribution (Shoop and 
Kenney, 1992; Thompson and Huang, 
1993; Witzell and Azarovitz, 1996). 
Likewise, long-distance recapture 
records of immature loggerheads from 
the nearshore waters of Cape Canaveral, 
Fla., indicated a northward movement 
toward warming waters during the spring 
and summer (Henwood, 1987; Schmid, 
1995). Of 475 recaptured immature log- 
gerheads tagged in the vicinity of Cape 
Canaveral, Fla., 29 were recaptured 
more than 100 n.mi. from the study 
area, mostly to the north in the coastal 
waters of Georgia, the Carolinas, and 
Virginia (Henwood, 1987). Most of these 
long-distance recaptures (22 of 29) were 
initially tagged in the Cape Canaveral 


'Thompson, N. B. 1984. Progress report on esti- 
mating density and abundance of marine turtles: 
results of first year pelagic surveys in the south- 
east U.S., 60 p. Unpubl. data on file at NOAA, 
NMFS Southeast Fisheries Science Center, 75 
Virginia Beach Dr., Miami, FL 33149. 


Marine Fisheries Review 


| 
> 
1 1 
1 
100 
N 
— 
, 
1 
avs GF ez ° 
= = 
LA ms AL FL 
Nov. — Dec. 
150)” 
1 100 
LA LA Ms AL FL 
4 
54 
: 


area from October to March, while a 
majority (27 of 29) were recaptured from 
May to September. In addition, sea turtles 
initially tagged from Long Island Sound, 
N.Y., have been recovered as far south as 
South Carolina and Florida in the same 
year, suggesting a southward movement 
(Morreale and Standora, 1995). 

The MRFSS documented turtle sight- 
ings during late fall and early winter 
months (November—December) to be 
mainly from offshore waters. The only 
inshore sightings during that time were 
from North Carolina to Florida. Emigra- 
tion from sounds, bays, and other inshore 
waters also has been documented through 
aerial surveys and mark-recapture studies 
in Delaware (Spotila), Virginia (Keinath 
etal., 1987), and North Carolina (Epperly 
et al., 1995a; Epperly et al., 1995b). Sea 
turtles had emigrated from the inshore 
waters of Delaware by September, Vir- 
ginia by November, and North Carolina 
by December. 

MRESS sighting rates from all Atlantic 
Coast states peaked from May to August; 
however, southern states (North Carolina 
to Florida) demonstrated this peak during 
May and June while northern state (Vir- 
ginia to Maine) sightings peaked during 
July and August. Similarly, aerial surveys 
of the Atlantic coast noted a peak in turtle 
densities from Cape Hatteras, N.C., to 
Cape Cod, Mass., in July and August 
(Witzell and Azarovitz, 1996), with the 
majority of sightings from aerial surveys 
of the northeast United States occur- 
ring from Cape Hatteras, N.C., to Long 
Island, N.Y., during the summer (Shoop 
and Kenney, 1992). Likewise, during 
1991 and 1992, the STSSN reported 
peaks in strandings for the southeast 
United States (Atlantic coast of Florida 
to North Carolina) from April to July and 
in the northeast United States (Virginia 
to Maine) from June to August (Teas). 


2Spotila, J. R., P. T. Plotkin, and J. A. Keinath. 
Unpubl. In-water population survey of sea turtles 
of Delaware Bay. Final report to NMFS Office 
Prot. Resour., Silver Spring, Md., 21 p. Drexel 
Univ., 3141 Chestnut St., Philadephia, PA 19104. 
3Teas, W. Unpubl. data in 1992 annual report of 
the Sea Turtle Stranding and Salvage Network, 
Atlantic and Gulf Coasts of the United States, 
Jan.—Dec. 1992, p. 1-43. NOAA, NMFS South- 
east Fisheries Science Center, 75 Virginia Beach 
Dr., Miami, FL 33149. 
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In addition, the MRFSS documented 
turtle sighting rates from Delaware 
inshore waters that were comparable 
to or greater than those for Maryland, 
Virginia, North Carolina, and South 
Carolina during the months of May to 
October (Fig. 1). Similarly, aerial surveys 
revealed that sea turtles inhabit Delaware 
Bay from June through September at 
densities similar to those reported for 
Virginia, North Carolina, and Georgia 
(Spotila?). 


U.S. Gulf of Mexico 


In the Gulf of Mexico, MRFSS survey 
effort was present at all times for all areas 
except the nearshore waters of Florida 
and for all of Texas. Similar to the Atlan- 
tic coast states, sighting rates increased in 
the nearshore and inshore waters during 
the spring and early summer months, 
peaking during the months of May to 
August, but the movement of the increase 
appeared to be in a westward direction. 
This pattern was reversed during the late 
summer and fall months with turtle sight- 
ing rates greatest from offshore waters on 
the eastern side of the Gulf of Mexico 
during late fall and winter months. How- 
ever, since the MRFSS did not sample 
Texas, we do not know the sighting rate 
for the western section of the Gulf of 
Mexico or if this pattern of movement 
was evident there as well. 

Aerial surveys of the Gulf of Mexico 
noted similar peaks in density. Lo- 
hoefener et al. (1988) estimated greater 
hard-shelled sea turtle densities from 
aerial surveys conducted April through 
July than those conducted September to 
December. Fritts et al. (1983) sighted the 
highest number of loggerheads in April 
and the lowest number in December. 
Likewise, from 1991 to 1992, strand- 
ings in the Gulf of Mexico (Texas to the 
Florida Gulf coast) peaked in April, July, 
and August (Teas?). In contrast, Thomp- 
son et al. (1991) reported more sightings 
in the fall (September and October) than 
the summer (June to August). 

Aerial surveys of the Gulf of Mexico 
have revealed lower turtle densities from 
the western side of the Gulf than the east- 
ern (Fritts et al., 1983; Lohoefener et al., 
1988; Thompson et al., 1991). According 
to Fritts et al. (1983), loggerheads were 


50 times more abundant in the waters 
off of western Florida than off of Loui- 
siana and Texas. Likewise, the MRFSS 
documented the fewest turtle sightings in 
Louisiana (Texas was not included in the 
survey) with the greatest sightings along 
the gulf coast of Florida. In contrast, the 
number of strandings from Texas (41%) 
were comparable to those from the gulf 
coast of Florida (48%) (Teas). Overall, 
MRFSS sightings from Louisiana were 
low compared to the other Gulf of Mexico 
states, similar to what Lohoefener et al. 
(1988) reported from aerial surveys. 
Similar to the eastern coast of Florida, the 
MREFSS documented the presence of sea 
turtles off the western coast of Florida at 
all times of the year. 

No methodology of obtaining sea 
turtle distributional data is without 
limitations. Glare, lack of water clarity, 
observer inexperience (Henwood and Ep- 
perly, 1999), and the limited (3.8-41%) 
time turtles spend on the surface (Kem- 
merer et al., 1983; Keinath et al., 1987; 
Byles, 1989) can impact an observer’s 
ability to sight a turtle during an aerial 
survey. Sea surface conditions (Lee and 
Palmer, 1981) and a more confined area 
of coverage (due to the observer’s close 
proximity to the water’s surface) also can 
restrict the distributional data shipboard 
surveys can collect. The possibility that a 
dead sea turtle might drift some distance 
before washing up on shore and lack of 
consistent effort along all shorelines are 
limitations of sea turtle strandings pro- 
viding distributional data. Finally, it can 
take years of labor-intensive effort before 
mark-recapture data depict the spatio- 
temporal distributions of sea turtles. 

Likewise, the MRFSS is not without its 
limitations. The MRFSS does not provide 
species or size composition of sea turtles 
sighted, and effort varies depending upon 
location of fishing activity and time of 
year anglers are queried. 

Despite these limitations, the informa- 
tion gained from the interviews of anglers 
can be used to corroborate or supplement 
distributional data obtained from more 
systematic (aerial, shipboard, strandings) 
or other opportunistic (mark-recapture, 
reports of sea turtle sightings by the gen- 
eral public or commercial fishermen) sur- 
veys. In addition, the MRFSS is the only 
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methodology that provides a means of 
ascertaining synoptic distributional data 
of sea turtles simultaneously along both 
the Atlantic and Gulf of Mexico coasts 
(from Maine to Louisiana) for inshore 
waters as well as offshore waters out to 
the Exclusive Economic Zone. 

The “turtle question” has not been 
included in the MRFSS since 1992. 
Because of the valuable sea turtle distri- 
butional data that can be obtained from 
asking anglers this question, we recom- 
mend that its inclusion in the MRFSS 
program be revisited. 
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The Marine Fisheries Review publishes 
review articles, original research reports, 
Significant progress reports, technical 
notes, and news articles on fisheries sci- 
ence, engineering, and economics, com- 
mercial and recreational fisheries, marine 
mammal studies, aquaculture, and U.S. and 
foreign fisheries developments. Emphasis, 
however, is on in-depth review articles and 
practical or applied aspects of marine 
fisheries rather than pure research. 

Preferred paper length ranges from 4 to 12 
printed pages (about 10-40 manuscript 
pages), although shorter and longer papers 
are sometimes accepted. Papers are nor- 
mally printed within 4-6 months of accep- 
tance. Publication is hastened when manu- 
scripts conform to the following recom- 
mended guidelines. 


The Manuscript 


Submission of a manuscript to Marine 
Fisheries Review implies that the manu- 
script is the author's own work, has not been 
submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers under a completed NOAA Form 
25-700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have |'2-inch margins on all 
sides. Running heads are not used. An 
“Acknowledgments” section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 
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double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, the Marine Fisheries Review fol- 
lows the “U.S. Government Printing Office 
Style Manual.” Fish names follow the 
American Fisheries Society's Special Pub- 
lication No. 12, “A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,” fourth edition, 1980. 
The “Merriam-Webster Third New Interna- 
tional Dictionary” is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (un- 
derscored). Dates should be written as 3 
November 1976. In text, literature is cited as 
Lynn and Reid (1968) or as (Lynn and Reid, 
1968). Common abbreviations and symbols 
such as mm, m, g, ml, mg, and °C (without 
periods) may be used with numerals. Mea- 
surements are preferred in metric units; 
other equivalent units (i.e., fathoms, °F) 
may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Cited 


Title the list of references “Literature 
Cited” and include only published works or 
those actually in press. Citations must con- 
tain the complete title of the work, inclusive 
pagination, full journal title, and the year, 
month, volume, and issue numbers of the 
publication. Unpublished reports or manu- 
scripts and personal communications must 
be foctnoted. Include the titie, author, pagi- 
nation of the manuscript or report, and the 
address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author's 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its 
accuracy. 


Figures 


All figures should be clearly identified 
with the author's name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8 x 
10 inches, sharply focused glossies of strong 
contrast. Potential cover photos are wel- 
come, but their return cannot be guaranteed. 
Magnification listed for photomicrographs 
must match the figure submitted (a scale bar 
may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and 
appearance before submission. Mail the 
manuscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way 
N.E., Bin C15700, Seattle, WA 98115. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 50 
free copies are supplied to his organization. 
Cost estimates for additional reprints can be 
supplied upon request. 
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